
a U $ 

dU31&o j i»LjoU>i$joy ji ^fi^Lk jijj 


. d 

v dliuulj 


iXjf^fjLo — 

jl~IJUIt'll _ jbkll - jlul'l 14 Cuu J oLLuiulj 


*+*rj 

*J ■''» jjiu J^S alt Ajlj - ^ mj'i) a O, It Ill'll J - i^l'iltfl ajjt 


IfAl 



Marquand, C. jjl^L. 

iJulLa j j ^LjJjj yjj :oMLw* 

.\Tt \'» t j* :jl$-L-«— .ji^bS *£.j 

. YTY ‘Jl^Lo j* OhLiijl — .<JjJu>- Kjy a_4» •■ L ^ 7 0^? i-b 

ISBN: 964-5782-73-2 Jb, YV&«- 

.(jLijjl jl >_j—_ jh■—* J -&*) bj luLp'>U?I jj jj— j 

Thermofluids: an integrated approach to thermodynamics ul y* 

and fluid mechanics. 

Croft, D. R. -•\^Y'^ .<—iil — c^L—* .Y .v_5w= ll _^yy 

yjj \o\yz . _* .j . ) $ f .« a^Lijb i - ^YTf i^J-p L5*, y 

• Lw- J <Syilj j J ^s>i jb-^i 

m*/w? TJr^/^rJr 

\ta\ 

£ A>->A^AY j^i L yb» <oU»»jL^ 



OVUj- Lojf 

OVLm* tACylCc 3 *>i^«oUj ijH3j 

ojL- 

c. J \j£ .j - Xl* 

jj 

^ Y*AN _7^b t Jjl \ * * * f \ T <(£J±jj 

ji j u^L>- 4- *y \ ^Lsy- j y* jy\ 

Jbj YV6» ° : 

-1 


ISBN: 964-5782-73-2 


<\\f - 6 VAY-Vf-Y 







m)IU( tmUMjQp 

'I 

jIa jLidS\-L*j 

Y 

jlipjs^pJLj 

0 

j> *U)wVq>c ijjl 


p-r- ^ {j*** 



u 

U - T 

H 

o'i/L*- — L>^ (jl»j ^-T 

n 

^ '-*-' 


'j'i' J i^Jy 1 '- r 

Y> 

C—ij Ja-»^ _) ^jy\ >_£ 



OVU. - u/ 


rr 

n 

yv 


r* 


r£ 

rv 

n 

iv 

1A 

OY 

00 

0*1 


1 • 


V 


1Y 

ir 

l£ 

10 


V* 


VY 


oVL-i - U/* jl ^ : f> 3 * J- 3 * 

Y_Y 

jlli Y.r 

jl L jLtj IY_VD 

jr, ^ru Y.r.Y 

Y.r.r 

j\JL> Y.r.i 

jlj I,. . Z* ^\y Y.r.o 

jLtj ^l* ^j3 Y— r_i 

jUi^l+J-U. J I4S- jLJ Y.r.Y 
Ljw>U Y.i 
• (C^jl) jjjilS ^ Y.0 
Oi^^r Y_o_) 

j j ^j y\jZ T_o_T 

'Sijb/ £r*y T -°- r ” 

1 J'y^ J flJ j^tyr T - 0 -* 

jjSyJj J Y_0.0 

J f 1 L>T j^yr jj 

^^5* ijtjjl Y.o.V 


Ar 

AO 

^Y 


^jjLojT |^mmi j«i Ljf* ,Jlai (3 jlf : |° 3 ~j J*a 9 

0_j-V «Uj I y t.\ 

-Uj l ji j j L* (Jliijt r.Y 

OIj^>- -l-J I y J jlS"* oy_j O 


r.r 



c 

wJlk* ^ 

AV 

j_T jjA ji oji u / Jb&i j jir r.r.’i 

jl_T oLyr 

jgy jUjl.T> ^ J«i L.jf ju*n J jir o^jU, r.rn 

AA 

-bjj^ 

HT 

ai-j JL- ^i>- b./ Jliiij jiT r.r.r 

\>0 

u/ ji&i ^ jiT j,\y jjjb ji> c-.%> r.r.t 

W 

jb jb^»- -UjT_^ ^-*^ 5 " Jbeil _j jlS" Tbl 

m 

JL*J 4T.i.i.>lj yJjbL* YLfr-^ 

MY 

J^joy J3I Oyl® • f 

H* 

jj J_^*y Jjl 0_yLi 

H< 

,ir jb&ii <- 

HO 

b»j 5 " JILJ i-J-T 

HA 

/ r ;-w dSJ 0 jl l_T 

HA 

.jji i.r.\ 

m 

^jyl Jliil <0JL l.T.r 

\n 

u 0jA _j u i_t_ r 

\rv 

J^l jl ^1 l^Jll 4 1H 

\TA 

( j~£y j C-»j jy }* J- 5 i-Jjy' JjL*j £J*-^ 

ur 

jl>« ol ^ jjJi ki£o jj JjI*j f.H_T 

UY 

ij 5 " k!^ jj ^jyl JjUj i.T'.f 

\or 

b lSj^" i-T_l 

\ov 

Iqa\£'JjJ j [*jZ’ t_— 5 *y 1-1 



£^L--U/ 


n\ 

m 

nv 

w- 

WY 

WO 

WA 

U\ 

ur 

u* 

w 

WY 

WO 

W<\ 

TO 

r.r 

Y-1 

Y * V 
Y*Y 

Y *A 

Y > ^ 
YV 
Yn 


Ok^f" 03**? *UjT j® jft 4lftU» : ,J*a9 

j~** <£^j*. ^^ j* ^Cj 0_\ 

vlutf jLLi jJ <jb^>- ~Lj I ^ 0»V\ 

vI-jU J* jb^>- ~L!j 1 0_\_Y 

c^-«U <jjLo ji (jli^»- oj®^ jlj"^ j> o-W 

I ji 0^»y>- Oj^j I _/* O-Vi 

(o^-** -U^) <n!^-jj 0^y>- Oj®^ JLj 1 0_^»0 

& j jj j£ 0-Y 

b^i/r- Oj®^ <jU-LjT y jl j£jLi* <jU *>•^»- o.r 

ijL-^ ^\y ^ 0-i 

JolT jlT CJ j (jf^C 4j JLj l ffrinwl 

^ j\f ^ J^lT jlf d£j i£\ji& <£\ V> 

cJUiU^j VU 

Jjj 

»>j^/t)U^Uj' wr 

>\rjif^^-T i.u 

^ly- jloii j-5^ *V-Y 
J^IS" ^UjlS" O^.yr 0>®i* ^Uo^T ji *\JT 
jlS^ J* —>U jLij *11* l WL^ 

jlf <^>^j jj jL^>- Oj®^ <1 ~>Ij I j* \X.Y 

^* 15 ^ jis** ii£<u jj c^ii to o^®^ ®^» t vrj* 

j\S" ji jLy3^- <jjjj c^ii ^j’l «xijTvr_i 

^IS*" jlS^ <n15vj ijlj^»- Oj*^ ,^jJu *Uj 1 jj WLO 

J 4 IS" ^Ujlf Jj jb jlyr ^UOjT y Vi 





rrr 

oT jbu / oT JCi «u JLu : J^ai 

y rr 

>T / lo “dailj Y_\ 

Yn 

%_jT jl»»j / >-J 1 (_£l ji / jUj 4iailj V_Y 

rrA 

i— •>( I >— j ** ^y j* Y.Y' 

Yn 

v.rj 

Yi ^ 

*— ^ jU»> / »_jT /Lo Y.i 

YU 

j^ir (jujif ^Ujb^ y_o 

Yi Y 

( L5 $jj^c-~i)jU v >:. ; i.r' v.i 

Yi £ 

>-J >1 jliu Y.Y 

Yii 

V.V.Y 

Y£<\ 

jUuj^Lil^T V.V.Y 

YOi 

^Lti V T v.v.r 

Y00 

Jj-i ^ <0 ji^aj" i-J t j U»j / 1 ilJL»- V_A 

YOA 

jj-b 1 ji jj v_jT jUu / i— »T Y—S 

y li¬ 

jL^»- ^IaJLjT ji 1 jt>*j / V.^ • 

no 

jftAjb ^gtfeJJJ Tj^ ; ^?mOv 

Y1A 

j U* A_ ^ 

YVi 

<_5'-Sl ; A_Y 

YVO 

U/jliJlOjU A_Y_^ 

YVO 

j\T JliJl OjU A.Y.Y 

YVO 

jlS'jLyr A_Y_r 

YVI 

A.Y.1 

YW 

—'lij jjl A-Y.o 

YW 




OVL--U/ 

j 

TVY 

A^LsVJy' 

rvv 

jlJjl jly LSjy 1 A_r 

TAT 

_j jlJ-L— / jl^»j <*ifj ^ iS£ ££ -A— t y ^ yj\S* A_1 

XA1 

c—l J-lf jlf & JL- aT ^Lj A_i_1 
^y^*j / t j y- ■ •* SEEE J-J 1 y 2 ^Jjlf A_o 

X<U 

YV\ 

C—1 J-lf jlf dC JL- aT ^Lj A.O. X 

r> o 

j^— »»f / jlj.3 SEEE Jui 1 ji ^ y jl5"" A _1 

r-A 

C. ,.—1 ^J>15* jlf *>l£j JL— aS* ^Lj AJl_\ 

no 

Js>L»j! ^jj-5 jj SEEE jjT y ijj& A_v 

r\i 

. c—l J*lf jlf «i£, JL- aT ^Lj A.V.I 

ru 

Js*^l>AA -l— l jt J J *S£ ££ J yjlS" A*A 

m 

i" — 1 ^p*lf jlf JL— aT ^Lj A_A_X 

rx\ 

Jllf / aJ_J S£££ XjT y i^jlf AJ\ 

rx\ 

Jjl-C> ^l *£ |_ 5 jlA»j A _\ • 

m 

S£££ aLJ »xi «jU ^I^Kl A_l \ 

rrr 

JLai ii£j of*>?> Ofyi : ftrfi J-afl 

rri 

1 y**-* l aJ jj JL— jl^j— 

rrA 

ly^-^JiU. Jai ‘X.U 

rrA 

—4 A >%A^P Lifj \£JJ y JL— jl Jpy ^_X 

ro* 

^J-a-..-* A^ui^ tlfj <_£jj jj ^Jjl-y- ^~r 

ro* 

7 J 3 — *1 ^ klfj iSjj y L— j— ^-1 

ro* 

Jl oJjl JL— AtJai ^_i_l 

rox 

^*»lj JL- <L1.X 

rot 

f L^*-l Jj, jl jJ- Ja>- ^-0 



J 


__Ilk* 


roi 

Lw ^ 1 1 

roi 

jb ^ ^ 

rov 

^L->-1 0^_^r ia>- ^-*V-Y 

rv 

<£jt* 6 ^-Y 

nr 

.J’ys.i k ^'~‘"_£i '“'^ , ' :i ' J '-* f. i J'j^r’- <Ssf ^ 

m 

.r* < ^-' 1 

rv\ 


rvo 

^i j ij^r 

rvA 

J'yy ^.b y y\yr Ss? ° j |jj '' ^i- 5 S^jj ^ 

rvA 


tat 

iJ^JjJ ‘jj— 1 

tav 

yy <£jf »jixl ^jj> s'^jj < \-'* 

tay 

^r?jy £--- ^-' *-' 

tay 

f'&Jj *\ J *_Y 

taa 

^b J - - ^ ) * _T 

m 

j* >yj& 

ru 

jLfcb jb^sf ^ fcjfjJI SJaUo : 

nr 

I^^NJ Jf\ <J> ^ ’ — \ 

ru 

j>- ojlJjl \ •«'l«.'i 

r<\i 

V-1.Y 

nv 

(JL— O jj j\ l£ bj^o) a—^ *_^_r 

r<\A 

OS^j^>- ojlJJl j ^i,..!•>»■ jjl \ *_Y 

m 

SFME^b^jlS' \*S 

m 

J+S' It..*.* A^i JL^> ji Jj^>- ji ^ 



O^L--U/ 


C 


1-1 


^1.} ‘‘jjlj o* a 


i >.r.T 


in 



\ • _r_r 


i w 

i)A 
i M 
1 TO 
if. 
11 - 


xT 


^r* '^i lSjj j 1 JV" ^ ^ 


\ • .r_i 


f-~- T 1 

^ ■ ft" ..■■ d aJ^) L ! y*-» ^>*1^ ; 3 \—* ^ *-f-*\ 

^‘~ Aa ^ 3 ~* j L l> I j^y-* (Jl—- ijlj j>~ ^ * _T*-.V 

\^ < *-^i j ^ ^*— 1 -' ^ -yj\ 

^yf * - ■■ ,-' j> ^'-L 


in 

in 

lo • 
io\ 
10 > 
10T 
lor 
in 
1VT 
1V0 
1V0 
IV* 
IaT 
1M 


* 3 $) OT 3 jl^jb oky*' y^bui: Jk 

^ -I31....J* iJ^sj JL-* jlJu L j |»lj 1 j>~ 

^ .£&.>. ■■a j^Jb L J ^ ^-l^a O^- 1 J^T ^ 

<u Sjjj Jaj i jJm \ \ 

\'\-i 

•jS '^1 diulj ^ ^_0 

^ ^fl.“i. .■O -aJ^ 1 yj" jL jr>- ^_*\ 

t* 4 ^ U-V 

Jjl? \ ^_A 
U -d^ ^Sy > ^ 

U-^JT 

^UJJl ^U ^\AJC 

ij\ 4jUj ^U ^ L> * 

>>- l$ W-~ r “ j-> *y.j^ 




wJlk* *1— 


3jA j> ij ^jU ,T - ft l g ■* \ 

jyj* '•&* \ X-'i_\ 

^Uj w .■ i j . t T jjjja oijL ^ 

Lo jH a,* ojl-Lil 

JL_- j±\ UJ.O 

jjijlj O-lS*^ J Jb .". ^■‘'TT^ ^ T_\«"V 

JjL-c ; jJ^iJ 


^ J*j» '■ ' ■*■ » ■ : « ^ 

r^ — > : T 
*-h ^~'A> 






01—i-Ui w yil ^ j* JjJjl ^ U d^*** JJjlJ*?*- 

4_1 oj\j ( oVL^ - L*/) JL)yL y*y ojtj . jyi ^y* j 0^y?*JL-b ^y 3 j ^ j -U^oj-j^ 

. Jjb ->y->*J <LJij («w>VL-*- *I^JL^«)I J y*y " ^y jJ> Jj aS^ C—^1 

jl 4_S" kl_Jb ^1 *->-jL> d^y j j <-Jl jl jJ ij >—jL^ 5" ^SJ-^y j C^-oJfal j' y 

^Ijb I 4_>- y^”" I • <> ~-—^ I ®■■! — «* j L*j ^ ^y< j LT j L- * <^j £■ y^?y * j j y I yj& b-* 


Ja—i>- L c'y>_A C—0 a-iji 4w ^ - j* jd bl t <*1—d o-U>fc-j J^- U j ^yVyl? jL-j 0'}L*J>“ 

. jjyw jL? jljj j <oL- jl^«l J>^- ‘kidLupi 

Lj 4—5"* ^g..■».j- j jlj jly^ j *«/d yiS""" l£^ v_-'U>- jl jL*«j jl^>a. A J w—-'J J jl ll. .*>bx< 

* $ yj J ji Jjl 0 -LjL-J ^b*jl ^ C—^1_^J Ij wlzS^ ^yJtP JJ jtl*jy J c Jy>- 4 jJUx< 

L> j -LjI -C_^b fry \j j^\ J^—i1 ^yd ^_£ jL*dy J jLj-** dy>* (J^IS I jl Jyl>*^A .y L*_i 

Jl 1 . ^jb \j JLS -LjI <C>- L-— dljj <J I ‘d-srf? y>- J y-*^ 4 vl—C-~J l^ 1 

<L-^^LP L’ <W>-y J* J^-^^* 1 ft^lj jL^flP J >"■>Q a *w^U>- i*y yP C 

. A'...**b ^1 <jLo-y-S ^ lk_njl^- Jjjl U ^t’ J ^.XL* 


J*jS* 

6J ^5" ^ydp O bft yrfS-C' 

Jk^.^ ol^ktjli — ^y^-U^o oJL&JLib 






^L—' j->, 4-S” J* si—I ^ C>VL- - U jf) jJjLiy j 

ol^ 'A '; ...* j j jl aU>' .1* JA — (i —Vl— klSs—il^All J dul^—*L a Ay*y D i 

Jl—‘ 1 y‘ , '.J-» i ■ * ;« ■ <» AyjLS' V 1 *J“J* jJ t *J^*! ■ si—I »j-i (Jjl-iT 

l r*y*y ^^*yy *}■*■) j~J '-: • si—* s.'k jl^.1 jSwjJ J^i v jT uTja <T .a jb 

^ ••■ : ■* v-^' 1 J A ! J JLiil ^jy J-Uiy <S" si— 1 JAyjlS' 

>1 ^-1— s5" -US' ^a U^aJ" ^jIma XJl4< — 'IIS' . aJL- yj Vl> jL—J*l 

La J y <■»,« O lj 1)T (jlf-alfil J lfrl £ — L a J J—US' US'jA jif; I j -Vl— - U ^ jX— 
_^ r > jA <_S* 1 -1 —i US' jal JA *J-S aU*j’I yijj . Jlal— JLb *aL- j j -*~ * yijj 

./*» - * JJ- 1 * <-! J-J J y 4 j-Jyi J £j** «■»’-' *1 JJl~* j' ‘ J-*» 

.aa^ *j!j! C-ijj* j Ylt - '-' 4 4-’' J A J> -'A °' J ' 

Ij w»V L—4 _) U iC„ jLly Ay4y y-*L-! jyrfAl Jl ^1 <£y—v* l jA -ur j*» 

J UL—tf U^-aL-J Aja y Jj L i »■■* Ajy* jA 0^" jl y— U —* 4iJl • "^A ^1 Ju 

a ^Lw jA • a^ t >1 a*VI— U^JI^a *i ij^r 1 

Ijwb Oi' • si—I *Jui sjjkhA jlT ^lil ^'LXiJ *4 /i*; **ry J AjIa A_^-j 

j jLS' Ua (JjjJl si—J \J>J Ojj»# Jal <j tsl—1 *Xt .aU— -! jl 

|—-—I JIa-UIj t jjyl Jj-Lj jlj-* JjI «U1AA J-^— jl^srl fl—' jA U/ 

. 1--! «-Li J- jy Jills' J J A 1>T u.i* A 3 



o 



3 jL— a 4__; y_^a 5 I —>- -UjI* Jl—a J yj 1 ^ptP I V s_all^" J^j I a a ^ 

• "L— -l oJ ^ j' yy J y_JJ Vr" y * 1 yj J xo _^" j'y ij_y 


ji o- 




V ^Hj-» 


eSy Jr 4 y-'y 1 J- 


A, 


a*-)- 1 y* 


Xj 


^—oij ^->jt.LL* *u j-^ C?~j^ ^ ^ ii' sJ^ j s lii^I La oj\j 

.«C-Jl^-» j Aj^ii i (( C-..w? Ij*-'] !^JL* ^ 

-2yjl5” J' 5 lS y^"" (♦ ; * » ■-a 3 ' _J -bjl-2 £yly-* <j jLj Jaaljj jl lS-^J jl-A*j yX^-»_A 
a J-i □ j j jT < i> _« y j j ^Jsa 2 j -lajl_j j ^LoJ jl L y-~ y* y lylx VC—'I y ^31 JSCl* l$J l 

^j-a 1—5^ j I—5*" 4_* -h y_- jA Jd—11 j j j I a j Li—11 ^y j j ^>lLa ; xS y« j 3 yj5^ j^~ '— J ^ ■ ■ -* I j I *5"" C —. I 

. C5L ‘U-A-J’jl jLC l _jl fr J>LS' J yj ^jlyl 


; J r/ 


11 y^—- ‘J* *£ - 


y" or- 


<?** J 1 y-J^ y* l s'y 


p—A La y j2 —J ^ £ yla J Ail-AaaLa ylj * yXL—a yl y I yj i'Ca'Vb—* C^jL£-«'I 

a— 11 V l j J I jl SLLa V J.—1—5** t 1 «L— 1 -U X^j b y *}Lp I j I yj -b y— ^ Lc- ^ I 

y* L$y— ^ lS'tI y'^y • • s _J-“ y «iUl—' ( , ^* > " y'y 'L-^y*y 2ya y jJ J C-P y» lS^ 

) ylia -2j_j> ^jUJj»-'_ 5 oly»-$J Wjb5" y I ji -cj j jLSL J»j‘”>be- ^LaJ jl ^yialS’ C— yfS ^Lf;' 4jyT 

. C—al eXa eJ j J I yj 4py y ji ( SI y_“ J-2 


j : ■■■ -; ^j- 5 y'y “^y-; y yj-* y -^"y j y^y*- Lji-ai ^LC jj 

<J j —i w i— i^ ^^ 0 AJj 4 _>ljl w>VL^ j3 j 

<j j v— j! Jx>- ^ jz&u* \S^ y, ^jt ^ '— > ^S' I jir -LL>...j y 

'L--I J y<0 I aS' ol y I j) *" J A ^ l^j ^ jLj JA O lp*>Ust 

^1 eJ_Jo*J ^jL. ^yj J o-Li^5^jj Jjl^l.' ^isL> ^j U jLj J o^ 1—- «c 

vjyLp^yJt?! j -Ui>L i ijjL* ^LaJ O*VL—°- L«^ ,^1 jj y .^Lao 

o'.^/ lSI 4 ^" JLib 1 j ax y j jla-blj JjjTy, j v^yjy. ti'y 'j 


.Xaj djl 




J)£)5 


ji ^gl A cJA e 


.s «->■ o j-*jjj ^-S" J ji 0--I l—i -C— I Sjf'' ^jy* j - 5 l y\ 

^>- yj J i '-»LlS~ AS"" t-XOL> Al^»1 .5 j 1 jl 0 jl- g. '- i J J j J^jl i J J* 5 -il* J 


. jb -Usl 


>*- ^r^b 1 b 


l*T 


<zs ^ . _. _ 

1 _ S ->J_J>^ jl ^1 4_J^5 j,->iJ tp-jjb^ £j-j>^ JjJ OLj j?“ J-UJ A.; O ji jl JJ 

lj j* b.j* jL j j»-& ji j y I ji oliLL-j 

■H J-i-V jj-'r* j3 —'b .;■> ly-y lS jy 1 ■ a r^”^ y, ^.J-i i' J -ky^ ^ 


■*' j- 1 —J' - b .'—- ^ Jrbb' j-Sjj'j-5y <; y- j *°-^b S)j? 

ij-i-'r' -*— ; ' l i < i_Sj■ 4 —; 'j- 5 '-ji • 5 >?">* lSJ_/' f 1 »j y* bx. jl yub" aS"^ 
-< 1 • bfl 1 1 L -i!j j j y ^ jl i-* -bk_c- j L*jb" 4j \£jy\ y 1 a~aj • -blS" 

j*jl J-i I Jl k 3 1 ^y j^w' A^Li L bwj jy J* ^>-1 ^p oL^Jil k ~ Aj jL j ^L^jjijl 



- L./ 


9 


■ 3 j^. j*- J 3 J' •s£jJ i j’ s£^.-> f\y ‘J'>* jJ V j' Jr* 

>A.. J -A—Ll5*" jUS"" JL^ J ^ yjf)"* 5 J? il^** JJ *Cw*J l jLLL 

liSc—- (Jl— p- j jj j y* Jj— 1 '' /•£ * J*-j1 Jw l .AhmIT w*>»j 0jLji xLX . j 

oj—^f wi^>- ki ^y ^***y L^fT ^ l£^ y* t \jr* J <j 

jl—w I Jlj. JL) wfl-L j * <i Jjl I j L^j*15lj j^t *S 

yj-i^ J■* SiB y-j'■* ,j>^ <Jx-L c C tJ »L?j j*mj .^-i#*-1 j 1 | j^IyU jj «Ls-Xi Ji ^-XU i^L j 


-£■ jl VL ^<iT w-»Jji l^Jlj^ jl kl^j jh <# 


xJjj L*y£* ;*>Ia .»>ij *A—w ' jj <»i$Lj jl 4$" *^m ■ fc J^-X <j .^l^X jl ofJji r^— 

LJ jjij L_£_*:> ■»—- jl—J * * -•» ^L^J v r- ;, J—i-V'(jt-ii-* ,--* jijj 0--J .‘UUS’^ 

. JbL fj IJj JJjT jM 


£tj~** JJ-^ 4 —! J jy^* J** 1 -* J* <• Jrr 4 ^ J>>* Jj> 

jXL— j-jL w>yJ» <j 'j si^jh—ii ^ -J-5”^ jL^i j L*j l j\f jUu> j 
- 3 jj~^j 3 y <> lj Jr-'jj' p-—- JtJ» j' j 

iljT () jLS" 1 u - L '— ^ * J"*" JT ” 1 "* 45^ ^1 J<t>v* <j 45^ C—' ®-LX ^ L • T 

4 —i j~& ^ oL*>^5^jL j 

. <jj6j5 L* 1 C^7i»»jl jl? |L|“*^J 

^1 jl^ tiLj jL-Xj j La 4^ ja-UX ^!j I j^ 4T C■■«* 1 4 ^^j W jj 

-E*-^* <-j *» j ^*—' <SjJ 

j^” ^—; jl»li* Jl* - y* <; si—«l <ll—«• 4 si——j |—4-4 si — 1 1 tJ—> 

ji I_'T J Jj—ij* sii ^ il* - Ss—’T li -JJ jyjyt S j.,.».«4 hJ^Laj . 4—i JJ A 

‘sy.'y. 1 ^ ^J-^sr* olj ^ :”“ *-! cr-^^ ‘Jr* ii jj JfI 1 •■ s ^- ( j > ' i ^ jl " Jr^>' JJ ! ' U . 3 ''J 

■ J-A> Ujf J^l 4 j sIj^j- lSj>* J 1 J** 

J_.,>» : 4 I—«' soJ'y ^ l$ j^i 3 J'jj ^ 

“l-^jj-rj j 1 tr’rjj*- <ZjJ \SjJ J la ** Ji*V ^ ■^- ,l 



Y 


f. i - Jjt J^ai 


* h 

i -i ^ , , 


4j jLj jLll jJ l*^5" J «i^jj) i^Kj J^ Jlp J fcljL* Ojt-P 4j .J^i Jb^4 O JJ~0 

jj j j_>-^ ^ jy—il ^l*J . -US^ ^^4 Jj xj VL ^L*j jlli L jI ^ij <j lj J 1 j jJjiib* w> I 

^■t—$* j! ^L-A ^ji^—■*—» ^ 1* <^L wJ ii»- wi l 4 -L-a^J 4j il^sb-u Jlp j 

0 I ^Ia A_*-J * .L» ’J | J .5^1 L ^< ^ J^j l£ Jf \ lj w^T jU*y . J^-i»^4 ^jU“ J 

j'y 1 J-* 1 —' ^y* J 1 Jy* J~° Ji' •■ 5J ^ S ^ 0-iJ> ^y-y 

*-: j -H'-l l t* j 1 -*-' J Lo b ^ ^ L s“ y 3 s^ jyy** 'j A-^y 

JrjjA ^ J -'J j-* ^ \ ) 1 Jsi'i J- 1 y J^v J '-° tCJla- J.;! ji ■«*--j L y 

A f> \ — AaJ i J.I wU Jkll I j) t 4j^- jA \i I U , , - I I 0 J £ I j j lJu ji J ^4 ,_J jy I 

_0 L-j J Li*j . vl —-■ 1 j Ll*j jj w-J' j> j j aS** ; J-j l oi- y>“ fj j** a U a i <j j j) wLi! ^ ^ j>' ^ i L* 1 

^ JJ^Lj j^ wL_fl-4 ^ j, ]gjb -A_Ij l j% . ^— *} ^JU w-J i <j Jj-^»«4 J jJajL 

j 1 •£ ^—“I iSj s ' 1 ijr*-* j - jljj - - i ^' t r* 

ij—>-j* ijjy\ j 1 lS- 5 ^^ <; -^Jy Ji 1 »j^ J ■>JJ^r‘ J-** \ 

. J j-X ^4 Ja*>i-4 <j L 4 ^5" 4*» C-Jl>- <T j-La <( -b l) j-- ji 

4_r -r S i A y jl xSjJ^ Jl'V 4 (^ 1 ^ ^ ^ i 1 4 

</ ti .w — *^j Jl*\j>- ji ji 1 j 1 ^ 54 **^-^ ^^ J?jy\ Sfl^i>“^ ib^J-^4 L»j5^ 

<jf- L* Jl o.iljil*-«l (J J-b -Uj l jj l ^^. ^Ji'^T' ^ J^^1x4 Jl I t A—^ jj 

J-j-U ji J j -b> ‘J^* ti'y! ? 

a —1 <L—-j tSjy' ^ 4 yr*^ lS jy' ir?.-)y >^~*~y 

V cijj-’ 1 J 1 °' / - ■s^- t -^>- '+- J iCJL»- j—)l Jj ^ Oj_p> Jjiljjj |»L' 

J ^S l C U . 4-3 'i J J_>-J J I twiS^ -LjI » 1 1 J I -Lfl-4 ^ -L-» <C—J^l^jl 

_> C—_j ^L* ijb.ji' A-Jy 4 Ji-V - u i"^y Oi 1 jy^yj ojj> j* •c_w j ^Ji 

. b jib ^ jJbjJLlx* jL-j Aahh J j CaJ L^j jb 

4 jr J •»j- i L y -Wy iji^j^ sr-* j 1 ‘ c —iy^l aS - ji {j-ey Jry* 

‘1 f j j L -t j Lj u i i0*^* jJ I *y_^j j j*j j y Ji--* . •_.. n -^ 1 

a-,) wjT Jj—J b 4 £-»L> j- 5 jjt Jy'yj ^ Jsijy J 3 y , ,y Jr^.jy 



U / 


A 


lg —'y — J \-yjy ^ j^_j I <L_j ( ^ywjjy j i^NLt j^ v—•' l ^ L» j y^ljjj j I _* 

Jr* Ji* Ji"V L$^i>^ 1 v^jy' *v 

. 5 yZ> \lS^ L!xJa*j?I ■w-** *0 jjl jljJL* J2J& j Jjl-Li J a r > ~ $ 

j 0 —T) t(^_^) J\ 1 j ^ ^ j jj l ^ l^ili* j i wUis ^S" j 1 j3 i j ^o liST La jJtij ^ UJ 

jj>— 1 L) ^ j^T* j ^ ^S' Ji_a ^ ij Lw I j j L ‘^--Lia 0 ^) ^|5sj^ . Jj 1 o jj* <*& (^ —^) 

Laj^C- -<S .^Svj y_S\J 1 ^ j j-»l J ^y\S^a ^ j i! CO yy>~ * S j J- 1 ' ^_i ^—^L»! ^ j y' 

JjL> t^w-lisL* jtJJJ yJ jj • **-—**^ oJ-Z* yaiiJL* cJJ-A.2>^y ^J^SsJU !j ^ jy 1 ^Jj J-J ^ LaJJj 1 y 

Lj J ly-A CtJ 1 I JJ-> l—* ^ l 0 jl A J 5 5 y- yA ^ J Jj\ C0-l*W 0 j^>" J J 1 J J^la.4 I ^ —i J J ^ 

S J 1 (J y^A lL^— • ^ LjL J 1 4j Jj I y ^A y\ ^y | . ^. *u I L j j^Ji 0 J L» I J.J* L> ^y i 7 - ^ ^ 1 

cclSL—** JL^J JJjLa J—>^.JJ^ C~*-y* j* ^y L*y< ^jy' J^-X ^ ^ y lL$^ j-> 

y^ . -L^Lj ^ C jy** ^-J>- ji k J 

j! . ^_^—" j_*-<aj ^ ■■ ■ t . '^ rj ^w-^j j_y ^ 4j -L-l^j ^4 

( ^-Y ) ^ —* 1 9 >- a ^ —a I jj; j^_ 1 1 _Lj ^ tjfc -Alj 1 j$ Li (j ^ L ij LL y ( 'i - ^ ) 

j—J —* ‘ i — 1 ^ 5 *^—^ ,i ■ a " ——4 )j ^jj_<! 4_S^ oj —m < ^j\jS' L—*^£- Jb'L-_J ^Li L 

iS-iJ^ y-~* L ^i • - > —S'^ J-i-AL 

■Ij^^jr* jT yj y ^Jjl ^jyl JijXty & -A——® 

•A—-' ^ f AJ J’J 1 ^ ^Sjy 1 aT Jj JjL -Llji (\_r) yj 

l—A y Jjj_jl cU—ltp 4_JL>- jA j3 . J £0^-4 jlw C Ju i <1 — -a J) 4j ~Z^>~ y^ jl jl 'VjM*-*-* j 

La JJj I y y_‘ I ^ L*_J . J yZ* ^j_' J-J l^Jl <0 0 J_JJ Ljju Ljj J j 1 y -»* y 

L_»—i j X^_~* j-w (.yJLSJ 4_, ^jJIJ-;-Vjj :j^—a yj> L —^yAA 

Jyy ^jJj l$jt LJjl L *£ Szy^ j' 

0 -UX Oj^>-i ^_£j i^J y' JjUj oJJ-A^ ( nyj C^y-Lp J y& \ ly jl ^>- 

Lj ^yy ,v ^J C-j^j ^j L> y ^ l 5jy' j 

Ij ^j__t J-J j_j y *S ‘r 1 oIaJLL^i jl ^14-j> 

■*_> 1_a j\ ^gjy \ 4^_*JUa^ 4 j Jg^jy cd^woLj Jyy j Jj5" i> y jJS L *^ Oj 





o'ifL-' - l 


<-> *_>•y Lj . . jy tzjS nJa_M>)l .jjf jl £jt»- 11 1 * _ " J j*'■ 

■ | j***aZ- * *jy |__-L* iyj IT 

1 J->.j ■ ^—- 1 '-J-JJ U-’J Ji-V J*-V ^JT* 

jl—Li ( |_fj ll J _)J~* { j—l) Jj) -A JjJ <J jUi -IjuljJ* ji (j n * ni^ m ^jjLjjl 

j> «_>- jl5*" 4j jjj I Ij j jj* l>~ ^i*.*> I j j «L> Li j_*>- o~ ; <5" ." - j l ^ ^ 

l_fl^—J —>■ t_£lajlj — La ^ jl .( JLpj jA a.A-i a^*»0 -Lfti J_a j i 

y±i yj 4j jl^yj^j* I J oA y? <£^y *^®AjIj) 1 jl^JP Ij AjIa ^ " a ^jjL jj\ 

oujjj aAjl; = • 

lS^JJJ l5J>' 

jl A-Jf _ / -S’”' S jo_Mja <J (_£l«^ lajjL aJ»jI j <S” JL *jy* jJij <J 

C . ; ... i <I»AjL<11 L«l LLJ. .<■! aJ—JL> *J u~a»»JLa ajLal Aj_j 5* l^jj SC—«l \j4*? 

ajli jL./ ->bUI _JJ J_<l jl ‘ C—-I < y - ~y 4j ^aj JJ ,jjy\ aj jl <y yriJ*- 

, Ca*K.bJ j)clj Sjf* \^~ J j*~ 4 jkaLa^l> <i d AJ. 



Jtf.ji* jl -ku^co 
a J u l f ^ 


iJjjS lSJ> i ml 




Ivlwl 

<j 1 j ^ <5** J-i <J& t(^-^ ) ji 




j'L'yS’ ^1 -Jyl J-ai 


1 \ 


. ^ . t ^.i ._ 'i t s> j) > •* - - *j Li o 'b/ L-** “ L / j - l-J Ip <5* l ^ — 1 j 1 ^ j j • *~ 1 ' ■ ■-*" y y*p ^ ■ ■■■ 

^y^- y.5 JjLj f Iaj j -US'" ty*- 1 jyy J j* <jy5" kC—lL>- ya . il.-J «4 JLw 

£y-i yLbj t*i ; *1— e y—*jjj JL-L* ki£—j .-5y^^ Oyy-^» |»—-■■■- y-5 «jL* j\ 

\j-a pS\y ._■■ ■« J y-UL- Jj^ljjJ J>~- ‘jT yJ <T kl—ilj* j' J^L^- 

i^—rr“ bb-bb -u^y JjI . C—<1 »xi ob (ybLJ (bo) jSLi yj yjal • •iy- Lr * 

J-LL — - J»-b yj \y> <c~j j>nj^ ) ^--' l ^jy* J*j V 

In . .->*-* Li jy-i< yL ^yi9l>- aL u a ■ ki^j ji -L L |_$jyyy i y^ij* yy*** 

y^— 4 \£^y~* * ^ ■- 4_S^ -L*a oyl»-l b ^yJ* jL -lL ^>*y y** ^ u j ^y* -^y^y 

^...- - S > L> Ja—41 ! -l —'£ jLp f ~ yy--> y* * ^ OJl>- ^yjl y^ t *L LiJ 4-l>v ly 0 -L^i 

.(c«< aJQi4 ^ j $-Li» j-i> i^a <r ^jL*j 

kj>~; ■■ 5 -?-'^ j^V" iJW^' V ^ J > : — ^>jr-* '—r - *>J <j-*y J>\y* 


J_»J jy . JjLi^ ,_yL-i'y*' L_*J y yL_Lj y Jy—^y-A j-LL ^1 yi* ki-pb y~—* tjL^Lil yj 
J-l ' y J ■'—*£ x*\j>- ylyi JO^S y ^jy *jy '-^ tL*j y yUi ^ijljil 

o i — t iLjul y y L Ol—ilx« Oajl y y3 b kl^a J y-L ASjS' i^. — nl li y*LS^ L^_1 j c4-l^- y* 

f^ 1 ! J 

jyl~w |J—f y»- yl J~oL>- (^Jyjl ^L«J 4 |_J^ *i 

j—> J*jf <l1p lJ^ {jjyl jl ^jlAi* 4^1 J .C—'1 Jj> Uj J jlii JSLx <, 

. JjLJU il jjJu.^ ^ il j]ff\ <> j\^ j]fi Jl y~i l* J> j j 
■ ^5 j j —11 ^ j C-J £ -UaI ^>- jl yj <aJUs> j j <T 

— «c_> L jL ..■>.■ ^ a\^>- - Jw^5"^ ^y^-Jl^-4 j &-L^ »^ jy I J-J Jl ^L-i?l>- 

j o j! a".->l L*^5" <JLiiil k> U^5^ oJlj jl . JL’jli jly* i^L*^5** ^oj ji 

ji . (l.. i lj 0_t*) j AJo_iilj ^1^-* ^l—*lj3l 

v"^ ^r“ ^ *J*ry (Jjy^ j' 3y, 

. JcS'^ L* jS" Jlilll ^Lsnj I ti^i^l^a.^l ol J\ J * ^y *ul^- 



oVU- -\»J 


u 





tj * '-'- T 

Jli* Jy^jy^ j* .*Li —a j5L.j l _r" lSL> Ij -> 3 1 -: rr * y y 

L it j -ij- —L L> l y . -Li ^ y* jl »yy ^y <s jy' 1 “LJ (\_^ _ \) 

jj c —■‘yy j _j_U a_j jL-^y J— jLj-y Cy.jy '~^ J . oH"'- 1 y >~SJy^ J-’V ^ j 

•jb > 3 j-^ yr* J-?jy j [ or-*-* r_y ^ fy j>j y. 1 j 1 ■ «->^.y jy.jy 

-^jy y yj ^y.y s-y V/ - y J c.y : 

L-)VU-*> - Lji* J ■ 

jjJL- 4 .c_ *\ o_ui o'Vl—■- - 1* jS' <1^- L* ^tws>jj »j-* j^j O^j jt 

j ^'uw ^ C—-1 j ^LaojIj ^1 jb O^L~- _ _ / 5^ *OoJ_pIs ^1p 

L_fco 1 __ LpI <T il.—.- wJo 1 ^ L-^ i j* I L o jIj <5^ ^S ji . JJjl J 

-J.. ojl^j .JJ J-* jL-j ^ °S*JJJ 

jJ:\ wj—> w-Jt-*- jj . n- L; -»...» jj\ jl jLi j+* jj jaU : 4j <^^ji c—-1 

^ oyj ^ iON L~- - L* j5 . C -. ■* > w-JL*i jj ij ^ j j t ^ IM 

oJ ^ oibS.l (+. i—^ l^j 'i ^IaJ^-Ij j ^J^Lp aS^ ^Aj . 3jb 




ji -Jjl J-aj 


IT 


L-i *Aj L-> _» J—J ^—■ y- C. —y»- j»j J jyL_9 (1_1 ) j J . Jj j_j I C—* J 4j ^ jy I 

! w.~.' 1 j£--Lj jy Li 1 j J-XLi Jaj J* J^: 3 ^ J 


- f y- X 

^■yj = X / ,v’ = ^g /77 / ,y' = ;V : U-b~lj __y 

^ c—'i j j' _j c—'I l _yJ-<9i j;i*-b»-ij j! t^rr ^"y Cy jy 


(1-1) 


iJ jj lJJ . 


's_?* 


ajU;_-I i_jL^"" 


jJ d—5** . -J — -I lji.3 ij i y>- ( y y>*^) f> U 

-Ul—A JlS^b j JL- 

tJjjfL-^-1 j-ijjTjJ C—f^ ^ ^ ji - L«/ jj 

j j—j r-£ X ' . Ju U ^.o Jlijl ^ ^~^ dS T m ^ ^ J J ^ J ^ y ^ jy* 

* J-J ij ^ JLb -.>•>- y jl ^1 4i-S>li ^*—J- -? J y^ J L*_f- I ~>~ dj yj y*J J J 

■ -- J -J—i _yj J d..lg.'l j Ja_-^y ^1—>*jt Ij jlS^ Jy 1 j -Laj ^15*" ■•>- i^jj y 

'■ x Jcr“ 

^ir jii^'(jir f uj) = jyj x =j-i iL»ii (i_r) 

jli" Jli^i ( jlT (.b^D -V x /t; = A'm 


JjljuUl ^L^-. -y . y J^ly SI jL>-T _1_1 JjAJ* 


SI 

SI A>l$ 


kg 

i 0 /^ 

ey* 

kg/s 

U yi jO 

ey>. u7 J 

III 

yit 

a l.pl a 

m/s 

<uj|j Jj jJLc 


m/s 2 

<U)li' j)gJJU j jJLc 

uUul 

N 




Jyjl .ij-^Jjyj|1 d_f illjjj* ■ a jla yd ^jl 4jlS"l-b»- (N 111) -Ij-Ij ipy»d»td 

(J^jjl— a. L; ) J_jj fL»j A —f C—'1 i_5**"* 




o"VL—■ - U £ 


kgm / s' Jj-Ij L 


Jj> Mm = kgm I s'm = kgm' /s' 


-l. Ul ic_-!Nm 


; j I ji Jjj ^LfcJi^-lj t j>jl_^Lj 


jjj L-j . i . 'r ..i tf i jL_SL ^1 jIj I 4 i jy—(1 ^ L*_i t ^Jaj j^il iJL*,pIIj 

0^/1- ^ J-hJUsl* jJ Ij ^ ,_SjL»-U k—Jli jl^^* to-U* 4^-U-i ^I^J^jl jl {£s\d*j 

_r& jJ lj "t_5 —■'V - r lSj _/->!* J (l Jr-*^ yliOljL* m . ik « jxi tj\y .>j*j ^j** 

Sj^ •- l - 5 " ^ '-—^S” iS***-^* <-*•j —' J J J in** £_^jl - J -r^" • J j^ J . 

( <_^jL j-t J~~*) ^ I "*— ^ f 'j " ‘ ^ l | ' , l J * jl j- 1 ll)"^ 'Cj 

.0-»l ( js* <j) L-* 4-5^^ fj*r \S i y* s “ jl 3 


j j r i = kg x m/ s' x m = kg x m' I s' - Mm - J 


! IaJl>-^j »_■ ■ .-»■ j;. 


-—*1 Jj j ^ —**>- j-> J-j-wLj ^ j f \ *X >-1 j <5*" C-J^ ji jj ^ <lajl j jl ;^jb j\j 

i J-* ^jjj—!j-* ( kg 4 j) *w> jla l. ^ l>- L ^jI^j 

: C—-1 d5Cj jj-u Oi' jl-^ £>1,5 jJ -C--I i^j-U- 


rr^ l 5Jr 1 = kgx(m/s)' - kgm ’ / j’’’ = ;Vm = J 




•^——'' J JJ --—=*- ^r! ;- > * LSjyl (^-^) jl j^ 

Laj ( _ f —.—* j ^_j— *u* a ^j~t l 5y—* ^ «jjl Li ) o kg ^j*r l; 1 j<"- i r I—1 JU« 

■ AjjjI ll ■ -~-3 Aj l) 1^* l' i.t.'T j\j jl Ij jl il_p 

. j^ Oj_v<« jl^ Jliwl jT jj —--I (jjyl JjLj XjT ji o jj* ^1 : Jj» 

t^jjjjl J_J t<3N-jj ji j u.L. ^1 jLJ <^5 ^ f^ljjjIU j-i _^j 'i/l# ^lyj j\S* 

jl ^j-*- <J -^j) er^—r (Jjy' j' <Jj^j* Jjl^jl J- 5 (_fLri) 

• j—“I Uj (j j~» Y <L^li 



y, - jjl J-A» 




• b ^ b—- J <» (\-^ ) <UJj jl ir --* - ^r| J j'j 

<oU- ^S}j? - f j *r x •*—’^^ 

^ .->■ ^ j jlj «j-> 1>- ^ _5 ^ Ox VA ^ ^ IV/ \ o N 

■ "k * ^ ^ 0-0 <J«^j Jl £ ly; 

p—*- lJ*/ j^* = ^ cSJjr^ x ^ <Ltfli 

jir r u^i=uv/^oxr=r^i/r=t J 


^ y) t ^vy ‘-ry 19 Jr-'^, c$Jy' *4 J^* **. Jjy 1 J lj -i* Ji 1 ‘J 1 *- 

y^3 «y' ■ ^—<'* y«» j' j j ui ■ ■ ■ ;*— ■ ti j y • j» y- - ^ j a ,y i*j (»—»■ 

Oij jJ w— O j' y-jLj (.sjjjl J -U£" I — S" p •■•■ > - 

urJ*Jl^ _■■■■»- j_J L" Jjb o«bl (J _l-j«- o J- lb yj^'l J^Lb iJ»y*» 

Jjj T^t/V ^*j I j. ^ b i '■ r»- ^ j i J^^ja— -j * j iaj ji , -XlS"* ^ j ^j»- ^ j <j ^L« 'T blL^ 


ij»jjb ^ y . t -. ' . ff - ^jy v-jJ' -*y, b»' 


r~y? jjs 1 --- •/« * 
m/r = - /o * \o x ( 

!*_»■ =vn m/s 


► x ( [*—»■ c> 


*H J^—-* <^i j 1 1 Jjyl oT jj <S~ yb» ‘ ■J—-1 ejjy Ji«V XsJ j j\ Jli* i jjJ 

tsjy) y>y g* t JUL* ^I -L-i u ^ 

^j_>- j U - -^ l5 ^ J j j U ^ J 

kiS'">— ■* aj ^ **-—■•**^ j 0 ^ fl-Li 

. C--I jl*J p—>" ^ ^jlj 



- U/ 


^>^^1 i_r_i 

LJ« 4_ y\ JjXJ ^LaJJnj i j3 y i£*^**-> »5. ■■■'I filial* tj^>-1 uLl* jl 


• 4LJj I jJ jJ 

j-L±-* ^L^JlJ <0^1 .j;Lo L> jLjj yj jlS** <5"* ^jL*j td ->—■ i ^■“>'■■ --* 1 l15nj jJ 

_»_L>- jJ lj-*- -la- J-> j y—^ C-^ ('-’'• J^-i) C-i" jy. 

$ J ■■* J ^ fl g * v —■ • '* ■ “ ' j U^y**-* l£ J y* ^ j\ ‘OiOi^ • ^J 1 - 5 J 1 j* J- u ^-“ 

j j^-* ^^ y ^ >-s J - l - 4 ! A lSj^' ./’> ^ j^” •“ L '’ 0 ^* j^” jy—e, l 5 jj y j 

O-i-^if - 1 —i 'y ji' --^or* tffjyl Ij ( ^Jj 1 jf 

■ ~ -- 1 *c *S^ yj -\j ^ ^ ■ .... - i y>. 1, i>,p , i ^ l>uI i-^- 4 ^ j^ y*^ ^ j ^ j* i) _j—1—» 
jl—.li j L_o l—i jl£~ j\ jtS^ *1xAat* jj I jl - J y * 1 -' 4 j-Ui—- jj C-a-*5*" 

^ 1 j—i 4_S^ v._ ^ I ' a l_A o -Li 1 j Cj V l..rf3.> l j 1 •£ 14P4j (j y -... .j_ L*»L*jI . Jj5*^ ^ I^xj I VL 

P j 4jJl y <c^nj .-AJjj ^6 ^ 1 j <J“t '*y ^ ^Ia js^ yr 

J l ^ ^ -Lj 4j*~ jj*~ 45"* »5-.J ^ J«5 ojLil (jl-Li J^j «^4 w^A-a y I 

J ■ 3 j— :, or^' J-i-V L5jj—>' “H <_si*-*^ Lffjy 1 Jij~~?. •>^— 1 yS' ( p—-) oJjb 

— J-iL) ^>L^' >-■ « ... ‘i Jj -la- y jjl>~j ^ . C—-' oL* jT JJj 

J-l5* l>- ( J J>lL..-< jl) -Aj\j aS' w —+>\ L< i^jy\ jl jL-La^ JJH-A j\£ 

^j>- * 2 J^y® J"’ll■ > »■? 0 jLj3 j JJ^5*jj jJwJ^-* 4 *- 4j _blyj o Ij 

v— jlT 4 4jul. ^^5Li ^ ^JjV^ i^L-Lj ^»5^ o^jL .-AjL ^ubl 

^ Lo i Ju ^I-j ^ l*ia3 I jS" \ . j j 4P 1 y» 

ji ji } djijf^ iSj&Jt-jj y~y TLy>%~0 J~y ^ J^X^S' l J Vb jl^.4.^-1 l^J I 

iOI^jI v 1 _ j j Ju o -Lj L>- j J w LL .. -' (j£ La a j 1^ ^ l 5JJ yj ) <- ^ A , ‘ ..»^ 4j L)^Lw-j ^_£ La- i—i j 

jl ^j ^- 1 —£-* jy oJJ-i5* <S>J^>~ y :—^ . c ..rib J-a1j^ lj Ia-Lj j y- t^L j >>i5"l$\.la^I 

AjjS' j-> \ Jl w4—4_J t J-i-V ^ w Ty lj ^ yl 

Jy 3 ^J^^ 5 -^Jy>“ J* <sJj—'\ y XS-y L >Jy»l j! 

2 J-^ J^r*y\ Jiy^ j *—J ^ * 4 S*" L« ^ .A . t »\j <C_Jj 1 1 jXu J I . i yZi ^ T--< 



ijiji - J_j< J-ai 


•0 jJ j l lJ Jw4*_P *w3j j l j*> I j U-* I j J ^ ^ * j 1 jZJ^j C JL J ^ 

JiL* -L^-. *, -4" !» : ■■■■■« J 


—^—► 


o 





jj <} 0^2 j ^j^LfcwvU jJJJLxmj ^ J L <l C ^ —^ ^!^_w 


.-L-^— 54 - 1 -? ' jj Ij O.V —**>) **** y? ^ y^jy *—^ -Lab jL -» i .... — JL?- 

d. laa>^» jj by4 j ^*4*1^ijb ‘^’yr ^ j4” y^.jy 

Ja_->v* *_. jLS~ wl^-i ja j Ja —*~y jy.jy j* ^—■ "I i_Sjjjl i^lj'a <4 jl4” i _ r -_-< 
3^0 yj L .. L: J i^Jfl—Ll>«-* LL>l*J&$ 4 j d-Li ^JLw* jl ^jI-LL« 0-V ) ^[^L- jj . <lJL>»j 

j 1 J-y.jy ^-^y ^Sjj-^ JjO uS-^jjj uSiy' j' -^'j * * ^ jyyy* l '^- J ‘ ■ ^y^^y 

tjLj- jr-ii _>•> ( *->,4*1 iJ_4"^ J—^ Ij j J-y,jy £ jy >*■* il& 

ip—J'-L li -4" ^-r : yi j-j' ji . -x^S^ -t—^y , yrjy" j* <Jjy^ -*->-'j £ * J?,jy 

Jjb!_j?- ^ 1 >«j! *—>14” ^-Lo ^I o ... t j^ OL—>A>«^ I . a^ JlLb yj ! <j 

. jjji i _• » 1 >«j I ^1 Lj 1 4j I j O L->i L»«j" , r 1 -i’.'—* o'i/ L* — U 4" j i ^ l o a l—< Jaj Ijj . -Li 




<yny > u 

jb y* Ij tSj^ tj^jy *-^i i** "»:. *’' J4-4 












irtL- - U / 


\A 


jl ( J_»-' j A*) ^' a-U* 0^* u£ J y\ (*r^ 1 ' oT p-V* W Ji' J j 

Ji-V j£ - u i”/ ^ Ji* ^-■ s -> • J-£-1 j' lj { 0a«-lj > • • ) j' Jljjj lSJS 1 

jLf J? L. . j I . <J L+ m ~ *\ JlU oL* jL . C.-«* t ^ o 

^\ <£* juT C—-*1 jUj j U^ j jUiJ j Lo jt 

•cJ^iJ k ■ >! -* *j ^^^-*5* c£J *^- J 3 o I tXiL j\-^a* j* ^lo 

jj I ji ■ u lgw li. <j j\iT <5T -L-ilj Ai-ilj 4j Ui 4 C—*<t L«_J^ L ^L*lS -r 

jl w—J j^li tjl^ jr^ ^-p ^ jl-U4 jl Jjly^J 

(«bo . JJJ.-A J jLli 0 *VLp-« L*y5 {J*)* 4jjjl^>L j ■ ^j*£» £jl>- |< j-jj 

jLJLi I ^1 j—i lj L-«j . t *-I *** '*~**\. *'^-*1 jj 

■Ja.A# Lo wJalS^^ lj jUu ^l oi? C..^I ^ylT l>- j^j <—»l>«^ l 

4—i >.1 ■ I J <r —J J^J jl jL$* ^jjLo ^L*^ 1 ^lAJ ■ ^ j ^/0 i»^j L 

^l>- ^ 'y>- *jf j jty^ JU- . JJ-L ^ • * C° 

y*~ 3iJ^ JyI ^xj XjT y jo y j> w~iT jLl« 

4j ^jij u^r cj^r oiy^ j^. j ^ j' 

. ^ J-i jl <S^ I t ^* Jl-fi-- | t C£llj . C—<1 

lj ^i_ -LJ ^JLT o^jl_j ^(^-V) OIp^U?I jl o^lii—fl L »-r jii« 

: -V^ jV V Jr'J^" 

' ^ —“I j>}^ ^ tJ^S, { j^' »■! j'j t() w r^»V ji AjL l^/UjAj jl ! 

jl5 Jyjy ‘•Ji-'r’ aJ j^ - - 

|t M— . j .-^ a-L> ajlj ,jj j\ 

,^y3i»A‘ , .>l L w .■‘■ ' I jA ji 4|>m jt ^T3 J*“ j\S* Jl>- 

jt-f cflf—* kjrtJjJ jl jLf iS -a r jj>- L ^ -I y\J> \j\ *£ ijlT ^U»J' ^Jb>- jl^ia Ij 

: irt'sp. s o^jUi-yr s^y. j^ >jy 

^yr}y~ ^ - ^1^1 j ^ i * — T» = j T * 



(jiW? cSV^^- Ji -Jj' J*-** 




: ja ^*U»' ljL*^ l< ^ •J^jjj lSj y' 

^-r- V lS^jjj ijjyl = ' * * -Aa-'j 

jlS" j-j jJi-V y o^jL = T -/I • • = Y • /. 


oyjtfJjH '-r 

.sj.■■.» 1 jlJ ^ j y* lS J^*a*-Ls*j — L «/ iS 4j»Jlla*« 4-jj-i jl 

•Jjj j-i ^ fX 1 ' J-r* i 1 sJ - J .- L , J-t-^T J-*^ J-X" J*-'-* ‘0- Y -') t _ r ^ 

ajO—>- ^jl L< £ ^^1 j Jal— jI O-i-* jl£" L* £ iSj^ t j[S' ^--.j ji~.....■ 

s .. .(sJjj) s_—.d»A—** 1 i., ——>- y I ^ L«j . 2y i j .4 —L s 

<—-<L ^_j pj -%"j <* 1*04 jL sl£sj 

0 1 . -i-* J y, 40^J 4j ^1 OjL^I •KjJ^’ jA o J -Aj 4'^**' ^1*****^ sif^J 4^ ^jlj»- jJ . 

Ja —j O^j 4j -L U lU ^ j -Alii* lJLi ^ ~ — ■ -- si^L jJ Laj ^LoJ tuw jU 

y Jjj) C~-l .1 jl.j y Jj> 4_—>■ y *£L> IlI J J_)j L__-J- y a> y) -^'j 

4 S' i^__ —■' si.-.■'J-* 1 ^>•15' . sH.s.<*' i'sjjlj'l U {' 4 -uLi sj J J ' l L 4 j! l-i;l:. j | J^-1j S.I rt-"-s .( 4,jU 


‘J'i J 


i 


jT J 


L.I 


<-( (Jjly 1 j Olj tiX) 

. C-—«a 1 Aj ^ ^ tjLol ij y» j 2 . ^ 0 I) 

jL L I al5" * — o 15" j J ij Xj i a* ^j-> I 0-^-3 o^-— J tS^y. 


>\s 


Jsr* 


■_! 1 flX-Jb-5 jiLx 


("£'^ ~♦ i >i 0_A) ^1^-** .X j]au jj — jL.»^j 

j^S f* \J£ j l ^ 0 ^ -5 U j k Uj j' j J j ^ <—JI iXXj I ^ 

L_■ *A_j j j>- j LT 4^«; j Ja^ I A-J j l |_wu^j Lj ^ j jj I ij 15^ ^jj 1 1 L . X b b y>- 

\^y. * ^ ^ <jb \ jJ J <! ^y t ^y J* b*l (. *y^i ^a 

•" -r! ^s 


JJ . X.. ■■.-.■.■-■■> Jjj 4 ^—> j_J J Ob^ Cj \J u*»> el 5 "j^U jj*' OjLp 4 j 

j 1.U« ^vjij Aj i w ^i jj ^>_l jl V i L«^5" tXL» i a^ Jx«b 

*-*^ t^i3-^»t ,0^1 l^la.^1 tc^jb Oil ^b^l ji .0-^1 ji JjX* o^jb 



ctfL-- L./ 


Y • 


J-y, J-y.jy J->-b 3 '" x ^^ Ja-j'y lj Jyjy j *£ l£' <J>! j oT 

j Jj-; » l - s "j v rr- ; ti ^-i J j ^j J T-‘ 1 J->>V v£^-*.UjTy ‘j-lj J'-L. • lS^' 3 '-r~ 

(wjIj) *o ^ y j* -A»-lj y^~*r 


/VIj 



^1 ,j^) oLTjj^J >_&> }-A JiLw 


l.j-1 J ^ ■* 0 J I J C J 'i__S^ ^ 0.A) jSbi * L 1_r JU» 

! xjS" lj ol^"jyj 1 jlS"* j y y 

= To k 8 /s 

o^.jy jy~-* j j o_^* jj 1 £i*Jjl — ^® 

^ b\y CJI JT = lo* •• = io kW 


*S j -J-PV J*-b wjT *_yry> Jr-^, i Jjy* My* tJ-Jb >jjy\ <-Juj*J jl : Ja¬ 

il *-& uj- 1 ^ I—! y}y. ^y* lt* Ji-V i yrJj^ o^y ‘V .r ‘‘•br-.? ‘V 

• b >1 ( ^j-yjy jj_>»^> 4-j >_.... . ... „ ») £Aa> jl ji j Ji '— l bi jj VU j 

: Oibrt 1 ^ 

Jl,.lj J__;b ^jyl = to x tyAl x ^o* > 

JuJy J__lb ^jyl ry = nVAVo Ol_> = fWAVoW 





n 


- Jjl Jwai 


jlj— j\ 1 AkW^— S' y—L*' *—t y j L*l * J^ J r J ,Jr-jl y—j jJy*- jtj_T 

d—**»1 y} y .».-«' jl ( y>-jy* - tjl^ ^aILp*- j1tC—<*»l e-Li* j-L& ^^ i^ 

ji ^ 5 > ^l> =rmYa-f a* --rrrAYfi w=rvm kw 

. C. ■■■■*' 1 5 y* \lj \£jj->\ Aj o -Li -LJj \y C_~J l ^ ij~> y °>j^. 

'■ Jt^y. 

„ ^->>- jl> 

"'^Jvr' 0j j^ = --- 

Jr-*^, tSjy 1 

rrYAY6 

olfj^ ojjL = - = AY/A 7. 

WAY A 


0«*J j Jaot* j |„5 j1 —£ 

I i_9 J—* - C. ' j o «L-i oy-—>- j (jJ j-jI ,j —>j i_|i A*j •tnJlIa^tO'i/ L~- — l« ^ 

Ji' lS 1 ^ ^JLJL>*j <l ^4 j 4 —^j c<_ jLS" 

i )L L*a *—*LiS*" yj 1 LjIS"*-L w>-^1 a^m IS Jjw? 1 jl c^L al*^I \j Jxo3 t^jy! ju 

yt ; Jw*i b Ci—«Jj ia.. > v< ji Lj <S J y^ e^Lil^ul J j aS* 5 

. C — *1 o-LiJ J_>«j 1^1 LT y I jj o 5 y*..S jjAj y* yj aS" -U>- 

^l^_j ^" ***' J ' w jl a ^ i.A". ■i*'^ 4>^ 5 ^ jA ^ ^ y 9 ? 3 

J La ^l>ul |y L*ji 4^1^15^- j t^yjl Li La ^ U-J y> 

J J C-^ L$jL^ t*6" JjJ j £J J .C-al ^jL--UlS" 4jjl il_^a 

, ^ _y~* y ^ a J—*O^L^—JLa il>«j i ^ — -a U~lJ^ ly 1 ^ ".">- j+m 1 j! o Lail^j 1 

I Ui _ a . ^ 1 4" Ab o I ■" La^5" aaJUa* v.1 —aS^ \ m ^ r y^ 9 y A 

\j -~^ ^ y* ^ iA>^Sj j2 J -b\j^y j ji^lS^ <J>jy\ Uj'< 8 * tJj\j 4 ^ L/*>-Uj T -Lj o^j\j 

^ j - >\ J-J-Lj 4_glj 4 ^ aW*a fl-^ U ... ■* It4j\_.t,.a y>Jj .-L-i* -i—&iy- JILLS' yj 

jl 1—a ^5" 4 _j aJ& vZ - —. ^ 1 4 _^i_^ JlZj 1 A — 1 J ) 

jl^wa jl yjlyLj J o^ IaI. . ^1 (4^ J..,. ^ j ^>- t*la J jj>- 0L1) y-U -Aj Jjhj yl 

jL-- L5 ^J J <d>%> 







tjVLy - tojf jl 

4 ^-W c Jtr*y' ^U; 

(j£jj—jL«i^ (S^y t-A-i» wlL ^>ij I^jT ajbj^ Jjl 4jlS^ y^j y OL^-^L i^y t J y 

ijlS"" y^ij y ji .L—-*1 I ; JL»* j* y I <3y jj? £■ j* . jJjIjj Jlw- <o jLi 

j$ v^i I ^g_ ' - »j S ^ j} j— j k 4 j JL^ 4^jL*^ 5^ alfTj^j j v^-*-’l l^A c JL** i^jJjlS** j\j j2t 

L ^jlS" JLw 1 OjL-^ j^ j ^ j ^ L* jli 

J JL—wJ j) J-ip l — J O1^5^ OjJ-s^ j2 jli 4->- /', . J^L jL*c.' 

■ *jS^s* <Sjj\ <Sj^ -^i' ^y. ci^Jy y *£ ur'l/s^ 

( _^1_llj j\ J^-jI J 40_j-<»J j^»«—i»» 4 Ua. ^jk jj Ij JL_^ Jauljljl; 4^" C—*1 ^-^a 

-uiL* ^j_ . .t« J JjL* i_$L»ji<ljlj j..»p ■ -i—i"^(_f* c—*o J\^-» ( L $^_j^=*- *i ^y.y 

o^jLS" ^g~a»^-j> i j'_j-^* jo <S* Jjjta o_j»-j _}^ ^^Svjo J- 4 ^ 1 ^ * -^ ' •■ — * j»o*>- J tjLii t^yr 



•OVL^-L./ 


*rJ> «ib d—,*L dL«j a_j d. . *-«> < y^ A L-JL- dixj j3 JL* &\yi- aS" ,^Lj j J 6 “L*U «dJl>-<) 

Llj cJL^ I y ~>- ;c —* ■*>! ) d~JL- j3 ijL* aS" 3o^L -"-■ ^£*1 ■ !■ > u I (J^L» (Jl>- ■ JL*' 


‘H ^ [ -> J ^ ^ LJl>- ji j La JLJ ^ u~tjjiJ 

*LL> jS" (' -Uj I jjfi b nd-JL- ji^ n 1 ^dlS - " j».n 7 *j I ^^1 _j>- jl ^ Ja Jl^- b d^j jl JjL* t(Jl—- d£o j 3 o 1 

jl j td_JL>- jJ jl ^L—< Jil-L*- ^ ^ d-Jl>- j' JL*- d£> j* ■ 

. cl—*■’1 o J jS“ ^yS^-i I j 4j*-j>- cI^j JL* cJj^s j ^ . 33 jb 3 ^>- aJ jl Jajl jZ -1 Aj Hj b$j 

L«l vd—^1 ,^1 AdSd 3tU I a_j ^^1_j>" J b £^L ^jSLi ^ cJL*> d^> y 

ijjl A IjAj J j?—>" (J_j£cL ^A . cl--*) »Jjf>cL l^> j_L« jl ^-5*" jj JL* l j3 S d • ’“‘^ JL* d^> 11-33 

^ f3> j cl S'J>- A l a Aj A_j (jji A— la j jj Jl d-. ■ *) j3li J “LS*"^^ jl |» la'.<U j^l? A> 

^J—H<S>I . (X_^ J»—«* jjbl J>- ^l x « Jl>- b (JL^i L/*° l — ‘ i< ■ \**^ Cf ^ ■ “Lib AlJol^ 

‘,—*j A—L^ L9 cd—***l Q JL *m JSn-L <_£■>!_< j jl (jb-*^ dSC aS" ^.wJ I A1 L .-»- a 

b-i j ij>^* j-> -lVlt 4 ^ jV j ll—j 

. Xlo^^_JL3 a a_> jL—- 4jL>xi jl—i Aj c 1 *j L jLi . .Lib Ai-iL ^^>-j jli ^a j\ 

JjIj 1 * j Jfljl ^—1 ^ ! ■> 1 . (NTP) jILj j L^ jj j c)L*-* cL^j aS" ^b«j 

l^-Jj^vJL cl-.-.*a J-JLlS^ A—>■ y ' “L*l—’(_5^ 11 1 j O I cLiib AILilj ^ J*TJ J*T 

bj aS"" .XL.A aJ £ Aj b j5^d^j Aj ijl^J lj '^jJ jSvL b I *}L* i , Ll .-^A L<bL>v* ^I^La3jp» 

* j ^'tS* •Li y L Sjy\ ^bjjl 

IV # X ^ ■* 

la -JJ—11 A—i ^Lj bX *p ^jy\j!> JjjL ilJL^ < j&\ y>- Jl ^^oju 

A_> tjlj-J la 61 Ij tjl—■*< IA^i ^ y*T$ • *bb 0b^>- j-^J ^ 0^^ Aj jl <JL*< a5" 

A«S^ d_-*’1 A-jSsJ I 4^lJI . J.V—<• A ^^-a djVL^ — b* jS“ dS*"jJ aS" JLjJ" jA <jbL> ^jLb>w 

ia_a3 jj-U a-j . jaj^* 6jJ^ i—j1-1>- jLj t jLj pA 'p i -* i^L- b Ij L^l aJIL« 

4-$* J-vJjL L->Li A_) jb—j tdJL*- Jaj I ^i ( 7^y0 y ^1 j) AI—j|j jjr d .*< S > l>- J3 

JjLi ^1—-T A_> I j JL_^ L y?\j—>- Jl l ^. ^ .«j J-^ai ^1 . -LLib^ nd.. ^ l>- jl Oy^ Aj l_J j 


\- Norma! temperature and pressure 



TO 


oML- - l> J jl J-o* 


0-1' -k 1 -: ‘ jpp* ^P 


-p JP*"" j' JP ■ J 1 ^-* ij-Jj? ■>.).?•* 


•-^ £V“P L> 

i jLi 4-5" -LjjIo o y^S cJUi JU*- J, ajjIj 4*-*Oa'Plx* jl 
i^^La- ojlj—* jo oLjw jl jLT* a_04_S" O -1 ^ j~*' • • *-b y?*^ b ^ j 15" p* 

(_jl djl ,,.A p»- ji ^ ■--- 1 ■ JL_»- -ii>w jl 4_S" l _y ’^—*J pj j—i JJ I ip -bb l-LjboJj oitlJl^l 

{} bl*-**)^ _j ^j-^i^^ij bj Lo j jLi* t |( -»i>--CJb> tjp pp j>- ojO^ ojla^l 

oiLfl l O w-»l-P ^-p I ji Jb—- 0 . ■« > jl 1 ? a> 6 —> J& jl t—•>bl>-l p y . •Xty^ l ^* yrt* * . t . ■ 

: jl XJjU & 


{Kir 

(Ija) Jp> 

{Kx 

\j > ^iy 5 “ >—Jp 

{ } fuel 

( cpP jp 

{ } he 

(^_jp>) Jp 

(}m 

) Jpp 

{ }0| i 

PP>-J Jp 

{}* 

( j\p)jp< 

{}» 

(>_0 )Jl_*< 


o 


CP 

o 


o 


o 


o 

o 


O - 

o 

o 


o 


J 

o 


o 


o 


o 


o 
" o 


O o 
o 


o 


jJUOjl 3 .^UJjl I fl pjliS OVp-J T-1 JXji 



oNu-- u/ 


' • ^ Ij I ^S*' I ^3 yA ^ . * i ^ ■ “ - “ ^ sjL* a j 1 JL> 1 C^jL —■•* d^ 1 ^ 

*)1 J-+»KA — ^ *-j *bL> r ^ IjJ j 4 -L l L—*0 <J Jjt^j^y* Lijjj j\ ^ J^~ • 

j j ?j^~ '—' j—** y ^JJ J ^ f- r ^~ ^. -i .j 5* jJi - (X_T) ( J^Jj) j^L ^yl? 4 j 

I jjLj . Jlj Jy*j Jk^-lj 4 ^ «U I 1 " 4j g <CO\s>- ^\l«i 

^ : m( kg-b-lj) 

jjj: mg(Ni^lj) 


>Jp^i JL—J 

v^t — 


J$&y> n 


cr*^ J 1 —' u 1 *^ 

l? 


Inr J*5LL 


^1 jO ooLo jIjJLq ^ik£>cjbdbki t|*^> c^-*-u?L> Y-Y JjLu 


^_ >r *^- ^j~^ y~^ 4 ^jj 1 tl ^—i j!X\i^l «jIjUILL* L jly \j \^*j>~ 

jJ . 3 ^ l_A ojI-LjIj ijj ^JLLaJl —> 4-—^^4 Q,.*l .UjL* 1 <*ia3 ij-^w 

O.—C^>- .5sO 0^-* ^ jl <5^ ^jl*j tjL y ~**t vjjl j* J^-* 1 j^- ijji ^u 4iJjl y~&2 

! jjk-i $ C-.»xl ffi C~*^p . ojLil t-LS^^^a 

oljr^sr ^ m = (kg/s Jb-lj) 

Lj LLjLj ^_ ( r J T" ^—' <JL—— 1 -Ulo«L-i ^-p-1 ^^1— 

^^_l wJw*l^>- ^ylP jlj 4»LiL» 41-ilj vl)^^>- ^ ' - ■ ■ Ll ■■■■.£> LLjIj j^T 

\ . -L^^^y4 vj^*LI (I Ci L ij j I 4& 

JL- : C ( m/s-b-lj) 











- \aJ 


f-f 

^ (T_f —A)...L ' ■ 5 ***J\a_*p-I ij I j£Ll* f ^• " , * J ^ L-sli djIkXJLjL—^ i*l5kj ^*j**>- 

'j-jj * v l^ ■■>! y -^-jj il — >-3 > jLj i.O--rf»l>- .JJxj j^yp ^ l5^j- 5 * <,> — • 0 Vn (j 1 

L jLS 1- yj2>xA i^mLjS’ Jtx-il lj JJ\y JL—- ^^>- jl jJL» y-«jb 

jl—i-3 $VJ J-^sJ <0 ^ I j+* ^lUj t(JL—< L? W ^ ^ ^ J^J 

la ■■■ — . * ^-^3j <^yZj jJ j JJw-J-L <cilj Ot^ L^ y *‘‘ ; ! ^-U^Vl -Alily.^L ■X jS '^ 

,■*—>*>- A_S^ ij tJUU Ij i^iLj ^L<ai) -XUfT ^ !j ^j\—<aJ ^A Cw\Jjy».^* 

Ujjy—-* jl—!S~ ^jli <yy£jy ^ j\£* jh CL~--! ^ w ki5*j j* 

j~^y. rsr j -L^L^* till y\y jl jA ^ o-Li tjt*j4 ^ NTP ji) 

o* ywJ jy~-S"' uj^ ^^lT 4 b Oj> yy fU^ ^A . C—-t jJJyy 1*^ J Oyy£ ' ^ 

^ m Jaii ^a) lyi p»*>- ^*^15 jlS* Jl y* f-^" ^ 

-LL*i_j^« "ojy—5 -r ii y ^»iy^y c~y c^y fy^ ^ c— n-<?i>- ^ 

*y_»j ^5^. ^v^-- 5 w-r- 5 ’^ - ^■'y. ^ ^'y^y W'"^ ^ 

. 3 yJ^^A “ L> L J ‘wl—^1 wl>-1j ^ p^O- L y)y ^ l C . ^ 1 ( y&j+A y>%>-) 


>%>-! I' ( m j^-Ij) 


• yjyH 


oyj : u ( m r / kg o>-ij) 
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OJj^—'*< 3 e-L-Ji ojIJL)1a]3JL) jJ j_, jr jLii . -Uj>^ jliJ 1 > kPa s's. 

V O~0 j-U»- - ^llSv^- O^Jf O-jb 
.-O*^ \ •.* * kg/m ^)l£>- b o 1 ^ ij ojL—»U*^ 
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i- 


•** ^ jf 1- 
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j 1 <ii ft ^*5" ojljJ' aIi hi^ _/ 

c 

0 ( 

V 

CtC jdd ^^*5* 0 ^3" 3 (J^^*** <3 jI*Aj! JjLmJ 


-sjjj jj 

! jA 


l la* O lj j\JL$ la e-Li ojI-AjI j\JL$ tjjlil tl^A ^ly» ! ^|> 

J> U a-* jLJU 4 j>wj l^JjS' jIS*" I j (T_^ ) <daJ j i.'^Jj! <Sjrf o jl-L)l<diflj ji $ p-jiT ^a 

: -L>I ^a C—o Aj j ^j Oj^? Aj{ p o } a j r \j* jilt- JS' jLli j {P} a j r \j* 
{/>},„,. = v • + y • • = w -kPa = \/v x n. s Pa 
{/?, } Mr + = •kPa = VU^ S Pa 

j-ij <, (Y-V) ik;1j j! {C} a ir 1^* \Ls-j** tjl jiy Ol! j ly> Jl—^ l 

!*Aj t O-o 

+ -^{pL{ c )L> 

\/Ax \ =vvx \. 4 + -/ax\/Y{C}V. 

( C L =W?m/s 

; ^wj5"jl Jy J ^j o-Li <Sjt* • jlX^<diAj jj 1 j OL-j £ o a * 1 ^ 

[P'}„„. = ? • + \ • -WV/ = \/f X \ 

|cl=|eL=«»« 

[p'} iW( . = \/9x\P + ./ax\/Yx(\Ar/f) T = VA x,\. a Pa 

{p'L -{a,L = '•*/** 




- U/ j-sl y- jl ^ji J~o» 


U 

®jl^A-Jj! 4 lifl■ iOOb OjLj oJL* <_£^*5"* ojlMUl^UhjLij j U-ib w> I <JL—- _j5"^ 

' **b lO-o Aj OjA j (X —T) Aia^lj ji {C} w v_ ’ 1 Op 

\/lx\’ ; =i/vx\. J + ./flx \ • . -{c}],, 

{C} v =9irm/s 

ij— jJ t o «^' jOS^ c*p^ £ O oUX- ^ 0’ - > - jUj ^jjljb -U^- yfc o*p 

J^r 

;L y\ji (X— 1 r) <Ji;!j jl 1 j^? (J _ _>T ^ila< JT jUu i»s j-^" 

{//,)„. =Vf x\--' +./oxv-.x(f/r)' = \/A x\.“Pa 

J i J-* ^ UJ ‘^-V J 5 ' ^ Ji'j; '- J ' _ J- 3 

. 0-*-<i OjU ^■■■ jjLti j mLU^# ^LaIS" oj(jb’l^i£u aj <JL-* 

i^5 jlld T-f-f 

jjji—lx* — l_J 4—> * 4j^j)) fb-iI Aj ^IaL^J Ja~*jj ^I»-ij Aj Ij IajLLI 

. ' O «»o 4^ — 0 j^IaJ{JL— dJxj O jUj <j ^ ji a5^ (X — ^ A) 

^jAJ U y ^ J> y* Ai^O aO...^ _^l ^y*K* U aJ^] 

. j jr***\^s* O*-" ‘ 1 ojI-X^aJu^j ji 0^ jOj tAj^j jj <JL»* ub^^ 

A_J>u ^—’ ^ J* ^"‘■^J ^ ^ i*J —^\j Aj jb JS y 1j j+Ay\>A aJ^3 aS^ 

J-^-b ^L*. jS ^a aJ^J a_*>- c-iyU £^U ^Vlj JU-il aj JO j 

-ij\_» j _/ b j J?-I^j b 4 jjIj aJjJ jl aS" ^j3L-^ J 

o y-&r Aj . -Xji^>- j Aj Ij b JOb ^br** 1 Cy? 

• Li ^yJL^>- oy^- j tiji >—■;J Ua< 0^jh^ 1 Aj 

» ^b^jl jbij j$ U aI^J ^^bj ^Lij j\ Jt'sb 
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L ~H 




\j 


JLu*> jLwJ ^ y+S djljJl U j-LoyU Y—1A 


L ijr i*\ j\y vi^o j j JL^ jUlj aS* (Y— ^) dJa^lj Jl 

*uS^ C — ^j'i j**y\* 3^^ y.J^ j*5 - ^IaJ l y j* jlij j^I L*l £ ...*»! 

,(R.H.S) jl* jjL« C . ■*! j j (L.H.S) 3 )jtlj tijl j$ aS' 3y** *>■^£jly Ja>- 4 j 

J\jJj Ja^- j^»l (Y — \A) <Ua>-^L« 4 j . JLili jJL* _ U 

4—5^ .Jl. 3 al-U dJjj ^.. - >■ jj tI ^j j ^ c.—^ 1 XX 

jL^A . 2y7* Ojli jl^_3 ;^l>»lil j\y jJS C—’ij J ‘w->- O J& jl oJj* JU-pl jjlAjUij 

^-A i4—J^3 a.A_.* <jjojl-UJ L -.i JjS"""L^“ JLt aS"" O^Lil ^)Lj aS"" 4j 

p ^S" l—*•* jt-ij (LH.S) U JjJ k-> ^ C....-I 3j~f 

. ^o^l-Ail4laA> <5^ tvl ■i.*’! 

4jj—Li jUlj aS"* ,j 1 C-JLp 4 j j (Y— A) aIajIj 4j Ap^y L» t XX jlJa^- *■“ - ^ 4j 7 ^J .>■ 
o^U r ..,^l 1—i 1j k jljljil jl-Li* 1. -bb -^Ij jUij jl U j ^wljil 

■wA w * 1 J J1 _ 0 iJ^liy+jF’ £jl—4j jl Aj 1 j jLlj -ijj 1 »Jl. — <0 ^j (Y—A) «dajl J j\ 

r 

J XX J^j3 jL> *J c.) — 4J^li Oljj^ J-i p ^ J^LjjI c4j^1j^- 

: Li C—l y\y U i]_j) |_^- (J»ji> ji 




■i-VL- - j' : fJ i J-" 


p + pg('Z' + Z) 

XL- i -ijL jl J-S j-y y?J*J> jJ JJ>jj\j> UJJ C.—lj I_j jb ji 

yZAy\—* aj L* Jib® o j1-AJIaj_LI> jLLi i XX jly Aj 0 J,, m **j , -Lib ^xla^ ji jbii ^L> 

ji J—^L£p- ^1 jb ^>L* jJ^b ^L* J>\ . ij*i Ob jLIj aj j JjL 

: l ^ jSJi U^y>-XX jl/ 

Z 7 ,,,,,, + P’xZ 

!X I y w—O 4 j j-_j “da-lj _j X .. — * L jLli J^-l t(T —V) lUa-lj <j 4»-_j- l< 

P ~ P . = P=(P' ~ P)~ P&- <T-M 

j-5^1. J—Ao^y* JLJL ^jLlj a 5* w—-1 4 ] j} js JL*- /S^L- jUlj Of—A) <hi\j c_->- C— 4 —- 

jL^jj — -A—i aib ^jLl (Y—V*—1) ^/>u ji a^ <Ljf OL-fc -Lib jLi ij y° ^/""L- jLbi /lb.* jl jJL 
\«. *- aS^ < a jl-bljl J-* aiL- j j^p Aj AlaJj ^ji I ji Ij i Lb>! jLp . i/- ^jL->- Uj b j>- 

. Jj_pi^« JL*- jLii a~*» ip*,* 

U jla jjL* aJjJ /Tl. C—>l jbu jl tJ j} ji JL*- ^ jLli <.(Y— ^A) ^J5s-i ji 

^l—*- ji /*^>L* ji ^L® ^L aj jl ti^p- ai bL -l jLLi jl ^uS' jLIj ^ojl-Lll^l^ 

. Zy j* g\* jl y J^jI cC—-Ij 

^/j ^ 4 J J Jjl_j jl j_* ki^Lj Jj Jj jl l_j_* jT Jj 4_T ^l^ »: ... . ^ Jj 

j-5 jLIj ^**1 t(Y—Y) <*Jajlj 4 ?^jj L . j\Jli jl jbj 

^ J ...V>- j\-- " . J A_j ^_. $*j>- ^3 1 ~* - Ij aT ^Jl***i lJ^L ^3^ jLLJ aJjJ 

0 *l .' ^ j j^ * -i-iij j^- jLLj j\ -Li L jUj A>ij^p j 

«.L-«- a^b vjbij (A ^J—./al) jJ A_S^ a_xjSsj'i^a jLii o p j^ Ijp> j ^ d-jb~ I 

. vJL^I jLLI j jL- jlAj bl ^ $y 

r.r jUc 

ij j\ d^_j w._- JL- . jjl^ jl ^^iil aJ^1 d£j V ♦ ' kg/m r Jl^-^i 

C_-Ij C-».- JL- C—l J-a> k j^'- g jLj ojlXlal^l—Ji 4- <J J jl ji JS^lL 

t(T—^ A) J5w- jj-Lli* i »* kg/m L. 0 J-*L< j^Ay\* i kl^*«l j i — ■»> I ji 





ii 


^ jij-j jS j i * * rnni ^Ui ^IlaJjI ^L-^£"1 . jj^y^y* 

ajljjlt-L^L i^j>- *—* ijL- j^ ' mm ^jLS £lfl? j\ j^ vl—.^lj C.-»^ jL- ji oJ 

V j-Xa>- tJAO^« (jt^J JtajSjy* ^hjl* jJ *—> I jl-ii 

4 J—a.3,^4 0^-—* ^ 7 • ■■**jLi*^ w»l jS"L~> jL » j ;(T-^) 4—lajlj Jl o^la^.ul L_< l 

: L C—' ySy { Pga} w 

Kv, J„ = [/>}„ ~ Pa„n = g 2 i{p}„ - {p}„ ) - {p} v &- 

{p^j = va\ x./rrx {\ t 9 — \. .•)-^•• *x vayx./v\ = y?/a £Pa 

(T_\) jl {p} w t ->1 Jjila* jLij c~LiX ^ * * APo j>\j> ( p mm ) j>- jLij £\ 


{p},, = |p,„ }„ + P„ m = WA + > • • = \ \9/a kPa 

jTl- jLii j_lk. jUi.- c—tv kPajl jLii *T xl JULU ^ *J_^ _/l 

* (T—\)i»ij ^ yy> 1 

{?'}„. =YP/r + ?- = A?/A APo 

: L ^ l Ar; {p},„/ o*jj iJ r l^hj^" 0 ‘ a ^ \ ^ 

{pL =-/ax\... = a.. ^/m r 

jl—^ Ja-^jj a 5T j jLLi ^ * kPQj>- j ^jta c>y^?7 J ^ ^y>l* j 

• ^ is* v —~‘ > ° ^ (^“^) ^<3^*-* jl taJj*-* i J ^ *J**\S* ^ 

\ p t; „ L = ( p l»/ - p*» = ^ z (IpL,- - IpL ) - {pL p-' 

{p K „ | (;/ =<l/A\x ./xrx(\r? — a- • )-a - -X VA\X./W = YY/f/tPfl 
: L c—I (t-\) jt t{p} fW jpjj jTLi jlii jik* jloi. 

{pL/ = rv/f + ? - = a S!9kPa 

jL—w £^L-« ji 0 ^^y j ^LajLil^ y jl*- 4^ 

^ — > to^ JL5\>- 4 j jLj ^j^4 o^->- £li?jl j ^ ^ jS' jla jjU y_...^1-^ 



io 







*s yu jUJ 0 j !ju 1 ^i y js-iU >^u <jo r-r jii* : r- \\ jsj* 

jl5* 

r-r ju» 

C.'-» *a J ^ 4^*—'j a* VX&^/m O-jL JI&- ji L ijA 

jL-ij ^jyS oj^-LJ^Ij^ ^c-L-*** olS*i*o 4j <!ji j\ ^1 ^Ja.ai ji U ’ 

^[—p^-l^ *j U . c—*1 ^ 4 4 kPa jLJij j C —*\ jt _^>- *j jl* y\* C—wlj ’ 4ki~*“i < J^i» 

gLftJjl l. J—J-L^« (T—X * ) ^Lk* \ * 1 ♦ kg/ftl ^jL_^j>- tft-L* 1 jj w; l uI^jj <» jl* yi* 

J C-L-J*ll \ 0 • Hit11 ^Ay\~* \^_ >- C.! ■» ^U O^’*' ; ^ ^^ L* jL*Jl O^^sLwO jl j J^SytS' 

jZ l jLij t jJ^L. i < rr ^r > ^\Jl j\ \yj *\ * * mm cji4^>l* l,** j *—j 1 —* 

^ C—<)^J jl aIsjl ^y 1 j J 

jLJlS o LSsI — O Jl y f+A yh* ^_^>- OJjjT VL <^£j ^1? jj[a £ I 

jJ—4>- ^A y\—A j—U jJ t—J 1 fLir j\ ,j->i jl l *JT^ ^J~* J" 5 

*i3y 



oVu- u/ 


n 


cjl>- Jpi ^ ly LftjLij . XliL yjl y> XX jl jJ Ji>- jJ U a] y) yU yA jJ X lj jUj 

4_> yj j A; { P } nir^U^ jLij jlXL* (Y—A) Ala^ly jl o jIalX L j p—A yiyJ ^yX.a 

: xj^ w—o 

{/>L + l/’L + W. £ Z = P«m 

■'■ {/’}„„ + VY x MK\ x ./MS + \ • • • x VAY x ./? = ^ . J 


-► 





I jLu* 3 ^yCT ojlXl ^ly> U x jXc^jLo w£j T-T i Y—Y* 

^jO yl 5 " Aj j& ly£S» 


J- eX-CS"" AiyJ dj y>- yl \l .«<yJ A^ ^jL*j I yfc ^S*" j LCj 

jTL- ^ jUL. L ^Hj\ pA j£i U ^ VT >*-X > b C- U ■ C * J 

aJ yj 3 ^1 yA jLi*3 yJ^yJ XL ^o JXpI ^ 1 yj ■>— *3^ aS" I yA ylCj J C_X 

AJyJ ^p-Jy3 yJ LajLX 3 ij^l J yly-3 1—L; - X . t b tXXT^y*_5^ OylXl^X ©ISoXO aS^ 

1 t(^ — A) aJ.^ 1"^ yl ©Jilfl* *A ' J 4t—_Xy Cl o- ■* yj <^< 1 £tla—*» dj C.-■ -J U JL* y\j* 

’■ ^ J X^ y)y (Z) j>y\* vi^-w j* jj ^_/ T £l«j'j' 

W* + i/ 7 }.. ■«= = A,«I, 


"if/Y x \ . r + Y • • • x VA\Z =\ * S 
.•. Z = ?• \ mm 




IV 


o'ilL- - Lj' jl '-fj* 


C. jj L_* 1 j_»& jj o«XX jl>ul jLlj l y j i j^.1 LS X I/: o-uT j— j .o v-jIjt 

. <^.- -*»-^ ^ jL-**o i*_j i ^ **~ | *“ |1 * w.~> ■"»*.’ A>-jj ^Jj\j <1)^**^-*^" w* ^ Aj 

JjU \ j—* /—S*l L-«l ^ o*x^ ji C—»l> IjA jx*- j -* aS”^ Csjl. .^1 jyl ^ Of jp aS^ <$ ^ 

ojIjJ ^1-U>- X—w*>\ a!L*w« j& j**~* i'J&r L> l y 


f'LflJj! l—> j-J\y 4—r ^_£ j d? Aj k 


J L v.1.*.-* j-i ^ L« yr la^j (j-3j-^L Li jULJ ^ j-S ajlJo! 

. s y!* jjb <Jsj^ ^fTjLv-1, - ^%x^*l7 4 j y~* jLiij 


jlii <uwt^o r_r_i 

4_S^ <•. Hctrotiicicr jl—*tjn ^\—14j (^aJL^j -Ira.- 1 jj o ^y 0 j>- jLx* jt.ui* 

. jjj l C....<o 4 j — iX-.*--^ oXi ftjlj (jULi (Y—-Y \) 

A_j 4 -L-j*0 jIj_j* ^ L* L* il^j jJ A—> lj ^]U>- ijjl A.. X . X 4j^i 

. ->b 4j 1j J^ - i *J1^ J^j* jJJ La-J- 3 j* jL» ^L^jl a 5~ i^JJ* 7 

3jyj* ^jL mX< jj j o-Li* ^L* aJ^] jj a 1^jp ^,L* jl? jj l-ix^ ^ jjr^* J 

• ^Jj S-. ^ J^J ->■* ^-^L; jJi 

Jjlj 4_JjJ ^L* ^ ^jL-Xi 0j>” J XlfT4 ^yP ^V,L* Aj j^- jlXi 4^*-^ j- 

. ^Li ^j.^..w.-» TxJa-*- t a]^S J^ ^.L* 4J 

: L C^I ^ (Y-A) Aj^U txtl p £> I 

p , .- ° ■ m z < Y -'*> 

Lj I** *_j I >., ._.^ <0 ji - *Aj i l_ Z |*jLi J\ °j>- ^LLi 

7 ^L_jSj jl o^I-LiIa^* ■ -'i ( 31 *Xj ^ ^ y~*, *r* o s I tf -1 m jL^j ji c^ T -.p* 1 ^ NL 

. c—I 

r-i ju* 

V -iJ-L y j l* A.^^m ^Ijlj ^ L _j ^ • )/iTT0 kPflyjl^ j*- ^^1 

• kg/m r J&ar y >y?r ( i-^ 1 
\ • • > kg/m r J>&?r L ^ ( v' 



OVL- - U/ 


iA 


. -Uj $ I C. - ■> 4j I j L* pUjJjl flJI-Ul 

'I j*-*** j j t ^ y^* 1 ~ I ^0 k.P^i j LJls L q i^VIj j3 ^ - ■*. jLLi i_i5kj jl ^ l 

Sy \k\y*- jU_fl>- ji 


Z = 

z = 

z = 

Z' = 


pfi 


V- \rra x -i■ 
\rp..xV A> 


V- wra x \ ■ 


■ = - IS? m 


■ = n -AT «_,! 


“Jrr 


\---XVA> 

‘ O-sltf" .*1 { } y VL» j\ o i 

•/^XV J 


AP- • x va\ 


■ = •/’H m o, 


Z - Z' _ -/VP -./f<\ 
Z • /vf 


= %ra/a 


: l*jjb (T— ^ jl I 


s ^rr l£ A 

/ T l5U 


(_jl^j C—-I ^0 kPu j>- jLli 


, a ys*- £^Ia»jI O^l j*-*-* 


^ 1^jL_L> ^— ; I 'i * U y)J. ls*^ * mm Lj jjj j\ j>- jLla j j>- 

• •*-—^ jl J* ot Jj jIj ^.j^~ ^j{j^ , *-^ j ^ ^ a y^r 


f^Ub ^lyQ^ilfi X — YjO 

‘i—lajI j . C—9ojlJuj^jli k^_.. l* jl oU jllj j?)' 

C—9 / ojlJJl(Y-YY) (jjlla^ jl^ lj jl^ s—1*1 $ C». j jLi (Y-A) 

•^Ji ■V jwli ^u: J «> j 





- \*J j 1 


*£* u $j —b ,*jL« jda** C— j-**L«’ jLJb j\ *** P jL-^s j\ ji 

<J^i L Jj*-!? o^>1-Ul4—> £^L»4 —* 4j>* C — «*1 ^ j^LfL 

(Y“A) 4jilx* jl tJ-^Li p ^JlfKj*- jl^ £j t* /l . JjL^* 

P = />„„„ + PXl sin 0 + #?z 

iL i j*)j* ^^O ^ Jl pi 1 j*}*i tL -—^ £*LoJ jl V 

/> = />„„,, +P^ sin <9 <*-"> 



1^5* jLm3 w3^C^>1 ojIjJI JjII »jb la<mj“ jLm 3 yLo^U t - TT 

r-o ju* 

<Jl— j 4-1 U 4Jvlfx^ C.~» »* JiL* oji .5 oij 4J ^5 

jJjL**' ^ C-- -*i 4 T I^a jTL- jLi*i lL —*\ 4 J^1 (jjl a\jjl aj .^a.* 

jl^Js» . -L^L,^ ^ ^ o I jLi*i 45* il.^l jL ^-L>- ** ^1 C-1, c~ 

, (T—Yt“ ^Ua*) JL. *JL^j Li j\jj ** j* gL* aS" <ci^5" 

4-J^i Jb jJA o^*>- ^LLjl t« l^L V**l • • kg/fn L o^*>- ^p<*^L* I-5 ^L< i 

^c-ljOif JS^U 



O^L— U jS' 



o 5 ' u jUJ 03UI js-^ u y^u jy r-A jiu ‘t-rr j5^ 

iwOuil 0 J uij A.N 1 fl7 . .‘I 


J-* J* J ^ *—*OjJ* \ * * * kg/tn" L 1 ^>I tO j-3*- j^U*- 4 j f\ 

9 JUbljX i>- U <1 ^ 

0 J-*' ^la—« 4j T * iijlJb jb *_•*£ _y«yb* '^i <■ U y*yl» <1 jJ ^ js 1 

^-— 4^^^Ui* Jy* iSjjy, 4 ^ t-L-i'U y 1 J^b £j_ 1* Jb j ^v 

(^ — tl ) ( j£-i (Jjlla^) C—-! jjJt>- ^ oXl^ ^ ^jJ 




oajjj j L.1. 3 ojljJl l y \ I- <■*■>ui jjyo^jl l w-S_> Y-Tf -t' 

i> V j^Ay\* iijl j]a ja UjLli OjIj jl ji ^ (Y-A) *i»jlj jl aaUl^l L 

*—‘ j—'.j '~- > j j ■< * *—f U 4-J^l j_jl ja Z oj_»- ^Lfljjl 4^1 -j* ^J 3 —““ ja 

:ojT^ si--a 

IpL = P U H« + {p) m & 

\/-rx\. v ' =\/.u>.“ +'trf’-xvA'tZ 
.*. Z = v/a x \ .“ r m 

(^L^“ JLa y^A ja jL*-j y£ ajljJI^I y 4 .La 1 >^. mO <j aJlp aS"* l>- O l jl 

J5w U <1 ji ja <_Z i_»")^l . aaaliL-l <_j I jl «_jj>- 

\/-Y x \ Z =\/-\x^. J + N • • • x \/K\Z’ 

;. Z’ = -/\ • v fl? 

j jla < —j jl —iyf ajl-LllliLaa j^ja ^ jl^^ lj jl j^l 

lj Ck.^1 ^jI^j jla ^ .A ^Ay[* jj (L) k-^fl ij. a y+j oal ji kkt (Y— \)) <daU» 

{p}wt = Pam + M« S L Sil1 ^ 

V-'fx\. i> ='i/-\x\. a +\-.-xva\Z sinY- 


L = Y“\A mm 




oV L-* — U jS' 


or 


o\J 


•rijj 1 


f'LAijt jl j I j—> Ij ■** Jjl—< ^ j^L^Q j-J-UL (Jjl* 

>_ -*Q *lj ^_£ jt .n.t ^L«JLp1 L ^S"" 4^** 3 y* 1 ^* s. •---* 1 j ^1^3 ojlwlft^ol* 


jt-3 ^ ailc ^£ji 5 ^ ~T —'T 

• C- ? j£ a l* a 1., 4_> 1J \j^*^ 1 JU^< jUl# 

■A—1_^J <JL^—' -L_> _- £tl^jLij h~*>y \j ^2* Jjl* Q « .<«» (3^** ^ W-^I fJ ^ tjlS^ ^l>u^ 

£>t—* 3 ^L*> 4j tjL*-* -li-"3* 1 j o I w-^lj 3^ j ^ 

. aJ^J ^i>-l2 L -b IJ ^a _^jL« 

G^IaL-**! JL*y\-A jl (Jl.-.^ yS> '*—> 1 j—& y*j * mml J* a 0^ y\j* jlS"* j\ 

j\jj JSL^ U iljl ji 1_jj*> *S o^T ^3^1 b J^y^ '• i jy > t>i' j J • ^j-*^s* 

.c—I '- - r ‘ &l ^ j^ii L_L o^ Jj lSj^’ j* ^3 •'L—l p^V ^ j* -^jf 


r-1 juu 

^LSL- I—i j .—i j — e-jj . i jb jl— i"j>- ^ — 1 »\ |_jt 4 —I jl jj \ • ■ * kg/m ^yJLSs^- Li >_iT 

il£L ^_?- C--» — - jL . jjb jL^ Jjl <Jjl Jj -<tJ_jJ jLli jj>A‘ • kg/m 

>.l.^ j O ■»! .< n: < ^-i I a —S^J Lx. 4j L ^w^jLL L0 ^iL* 4j_^i 

4_i Jp yjj* 4>L^^ . J.^»t* Cj^33 ^ -jLii L— 

J-^ 1 - 5 1^ 1 — ti^b je-jj ^,TL <i r ^j WT m ^^ ^ ^ 

.C— UH" kg/m r i.oyfA- 

■aJ^J j3 ^ L-^< ^c-L— »j\JL3 aj y j j rn ^\i)J j\ j3 Ja y^A C.-»-^ 3L. j2 o y>~ 

y—&jj gj-A jLIj y^j • /0 m J* j* C --• .* * jL^ j £ jl^i ^ >\ 

V lL-^I j/'j j j l^I ( j^J'c--I jLi*i . (T— To ,^lJa-«) jlyi 

^Lji> jl j 2 j* ■» i lUjLl I \ ^ kPa j I jLi*3 j ?^ 

^ -La! yr- jJj&- U *}j} ySy? j3 oy>- 




or 


o^U- - U/ jl if-s. J~^ 



wl ^SLtM jLy Lj \£ji^ ojl^xil jJu)jjI* dJ^J u£j T— X& 

jl5* &J ^Sy w dJ^J jO ^jjt^j ^ dJ^J lXj jO 


! j! ll ■ —'i OjLd- U d}^} 2 0 

2 = VI ->/Y--/6 = -/rm 

jl.>-. ** ^a_l )? ^ jI-lJL* j (p}w *f3-o \ j.xiL* ^1 (Y~A) ^JjUw ^1 &-vLa ^ i^1 Ij 

4_j J_jj w'Jj—A= dj XX j\j> jJ ^jL^* (^LftjLij iS^y, lJ-il< {p}oi| .jpjj 

: -Vor 4 ^—* 0 

{/>},- + IpL >w»in = {/>}.«< + W,„/ XVASX./J +jp}, X VAlZ 

-••{/’L -M.,„ ='T tPa 

(/) ^jh«j L_j 4_fT -L-i jUL3 1.-L.&.S (j^-J j^w Ijjl 1 kPu tjLldJ 

: l c—I ^ ^a^-. 

M, -!/ y L =^ A kPa 

Z f'L.ijjl 0 j1jC)o >- w..<fc.-» tj ^ J $‘\ 

<lS“ ^j— 4—1 VLj j^U oj!*aj10L**a ^ C...+..* j ^jj(^5^ 

^Lp^jI ^L-3 4_S* <C / 0^* — iJHj^ ^ Ij U jb* J (+£\J JLi jS' 

jj 9^—itij\ -A—» >xp~ jl jJ jl^j <S j^—**~* U a]^J ij \a jLi*j — *i*i 

! Li C— y\y JL*y\* <~y>r ^3L^ J& 



Irt L-.-l.jf 


oi 

+ !/ 7 ),,tf(^ + z')= {/?'}„, +{pL g(./o-Z') + {a, }#(•/*+ tZ') 

\a x \ > r + 'i • • .#(\a + Z')= a- 'g('/& - Z')+\T9- -g (-/r + xZ') 

Z' = Yf/TWW 

’.Lj *■!—(Z ) jl * 

Z' = Z + r7/ = ./T + x x ./.xf r = YfA mm 

^- 1 1*+* »jlJj'lA^" i^l^ jj.I 

X_V JL. 

^3L_1—» . c..—^ f| ^ * * * kg/m r LuT 

o^j^~ iS ^aiI A* * kg/m 

Jlw. j »_j ' *lJ i^9^_U L ^- J _ *-j J*—^ w< £V ^jLli <d-^j <j j|j j J$Li U ^ j 

jjlj—A JL—^ jpjj ^3^1 ^«J,^j <u L“ ?u> jUl* ■" —■ 

wjT. ^._ „»A ij VY kg^/m OjU ^yU-Ss^-1 ^a -ljjT" ^^rj j^ a« LJ *1^3 

^LJj ji U ^_. »m \j ^_.o.* /j^jj j ^ * mm ^Uijl U j**y l» 1 " ~ " ^^** j j-^ 

1 j ^jS'jj j u I J/—^ ^ ■■ ' jL-t*3 . (Y—Y*\ i JjLj 1( ^ s r« I jil Y* 4 4 mm 


‘ \j \1 . ** \ jj\jj LJ ji? jJ Z IjA ^luiJji i^j9^u>-l 

Z = -/6 - */r = */rw 

, 3" 1L « U—- jl—ij j (p} w j*^ "*—■ 1 ^ (3^ x * O^L* 1 S I (T—A) a\ j\ a L 

1 Ij ^ XX ^1a->* jj jl^-A jLIj jUU ^^>-1 tJjjL {p}oil j,^JJ 
{/?}« - {/^ )„ X VA^x ./a = {/)} ()(/ - {p} w , X VANX./r — \/rX VA\ Z 
l^L - ' • • • x VA> x ./6 = {p) t „i - A- • X \/K\ X ./r - \/xX <\/ax X./V 

W* -^-6 = {pL -vr6T/f-x/r6 

•■■ {p}„ -{/>L =r/ ^ k/,a 





a — *ry L ^ j CI^^Lp <>ww j 2 ^5" UjLLj ^ L* ?t U L L -L.‘jT 4 j>- jj 

jJ <0 jl-. l j Oj Up 4_S"* J^S" 1_>- ^ -b j-5sj jJsLi (T— A) dJfljlj 

C^-J-3 A_S^ ^_£-3 jlj—*« J-3 J^ly>\_lj . C~U j—lx* U* JjLJ Lo ^4j 4 y^O ^UjLi*J \j <Uw li« L y> jj L* 
jS\J ;l J-A j■> 7 ^-^ I 7 J j Ojlx ^ L 9jt\ '-C—Jt jU *jy> j 

. <1—i-ta jLLj yi 



{£ytf o)IjJI J£Jj U T^o^jU il^j i*£j Y-Y : JUuo ! X-X9 

*^3j lt° ^ 3 4 J 3 J *~£j j-* ^-jf j[L**3 


jL* 3 ^l^lbUo ^ (^Xu) jLj T«f»Y 

ijl y> (.-LJ S' j.'—'JIJ ^£y^%J 4j JU- jLLi j-> 1j ^*>lJ (j l 1 H \j (Jjl <U-J jj* \*J jJU 

•£?><+.> j-j . $yZ* ^*>1 .j a j 0 j* JLS^ j~*y <L—« L <S^ Ja y aj . jyj jlfT <» jULj (jjy> 
*U Jjj 1 jl lad.I t-Lib jlS*"jU oL*j b -b L Jp-> y«y»j i^^yjjlS*" aU-j 

t5* jLr* s- 5 ^-"' 

J*>L* ^£_ : 4_, lS ^i< -US' c—' (Bourdon) j_?.> j_j_. jlli i J? ajlojl y_j\ _jIj^. 

. tT Oy__jli ^ ^ >■!■ > *J 4_S^ L. ..^l ^ J *S2 ■ I 4_ 

■ J^ 1 

^-1 7 - jL. m J ^ L* -LjL* 

Ij jL.t.j jtj oij.— j»u C. —■ ^>Uj!< 5" ^LUj tjUj ^Jw^> . uJjl^ ■'U jUj 0<A^ 

, .I'-T—...ft> 1 ' U l J -Ljjl^ Syyj ^ijl. d. l a dj l^j I ^ 



oVu- - l/ 


fil 

ij i. .y ^ —i / j. ' tl_jto a jl— jI jjj\ 4_» l^-L-1 J 

d^ \ 1 o)l—S'* ol^ i^ .i j *Xj j+m o^Jl^ L I ^L®j . di *m L J 

JajI j—** ji 1$-^ 1 1 ojIj« **l JL" k *~ ~ oJL_>- j3 JX ^b. 1^.1 

. -til , b^>- 


Lo L> f_l 

Jjl y*>ly9 j\ -i-*J (j yU y> I . cl. «*\ Ol^j 4d>walLOyA y ya.^ (j ylji Lo J yS ^Jjlj s_li-> y*7 

d . ^ > d yl—9 db . Jj*^> db IJHil j* -UL -H>- j& id—*1 odd dLj 4 j ;d^L*ll y pjl j 


'j J^.jr 1 xr^ 


• j <»5~ 


JU_* s j: S C~waL>- dSo t^Uj j}a> lo *£ xS^J.’ xS U j y[s j, I . -UI & jl . ^lo ^1 jb 

Ojl—P 4_. i 0j_-i 4_y^ jJij jj « ( j_e.b <t_*-jjl) jl jX .P <> JL-. (jbj ^'-^1 jT y - 

<S" cl. -d y^L ^ ^fT ^yd^y idlll JL—* d£ /I t^jScO 

Lj L^_J 1 yil «7jl 4fT J jli dldy (jJ l^Jy>cl* y! Lo , cl. .d ^ j~» ^yUl jl 

H_*!>L£- d_l<U ^w»lj jl*li>- cl—J La^ ^^5” sjlXl^Li* . ^yi^y ^r-*^ 

. cl —*\ K dyiS^ I) c— ■ 4«»J- y U I ©j\d3lj (T) 

T : Uj>( Kj^\j) 

^i?L>- 4_t y_i I . Jy_l^* diUl^l jTjl Lj^y diT Cel.-.*-*. ( y'y—Jin 4>-^ Jy-Ui* 

f \ * ^0 kPex jL i.9 ^L_4 j d - j ^ 3L * l 5 ^—ejld. -d u I 

UjLc( j J— Jm jL-?d 4—i J 1 jl—<ll pi o & c^J ^ djl-Ljlj 0 C 

• ^ * ‘ C ^ly_ 

(Jjl j—i Scl-9 / ajl J—lUdJyl^y 6-L^U y Li d^Lo 

j,Liw . Vl Uj yjyll ia——* c j-^.5 Ojly L Jl—- d^ ^ b^ tjli» 

. c—l j! O-i £^lo jj (T-YV) jSLi 




ov 


o^U- - jl J-a» 


( ^-^ 0 ^) «v. IrJ fl>i> ^ O J—S^ « j1^_* ^V y —- >< b < ^ ^ ^ ta A > i^ 0^*>" 

to iij^ o^o^JlT L <5^ t^jj^* Vli ^ti—j 2 ia- .’ fl o ^>-^y Ojl y 




d V^»^-^--° (.3jt J* ^jU^- ^jm\~JL* 7*la.^ jl j iO^b C-Jjl y ->bj Qjy <) ^" ^y. 

“j—y (J —^J j 3 >3^ 0 -’ 1 ? ' 0 ** ■■*j' 3 j 3 i>j-^i 3 

-b\_7 ^— ; j‘')l <dajb»«^ j J 5 L -1 45"" ^1 <L<?li OjLp <1 i 3 ^ , 1 _f* t*$j\j£~ j 

1j ojL>-t ^.j l kl—5l?r ^jo Ij jL -j ij>bo Ij JJj-i jj JL-* 

. ^ jS Ojj-^ o^~*- ^jL>- Jt?L**j1 <& Jjo^* 



JpLm^jI Irwi^J JLuuj tjboJ «Jj S ^jjo jLf O^-C* L 4^ ^1 JUa-wjLo^? Y—YV JSJl* 

^0 OjljJl 0 ^^ 


AmniHr 



Jjl ^ ^IY dj lo kj’&^l J>$Y2-0y lXj Y-YA 





-C.- (Seebeck) i j— <1 J) o jIjs—*- 4 ;l—o ©jI-LjI^^jj 

^gjai. V >w< ^Lo jl J jl-L* Jj ^Jfli Z&*a jl* ^5*1 aS^ J* >ay ^ JU- 

^ J^j —^1 ^j—J ^(Y—YA) J^Ua^ . ^ y^*^» ^\_>»ji 1 $ > i ^pi J»- JL j>~ '^£*> ;.Aj y^ 

^Lo ( j-&-> * jL-^aJl) j AjUj OjIj ^,/a>*.M« (_$Lo ji jii O'i/Laj I Jl ^Sj j5*1 

Ojlj (Jl .,<3)1 ^l—O 1>-1 4_i *> A_S^ iJ—£I j 4lil^ ( y /yi L L ^^/1j) (_£ j~j£a 

Lo Lj S J> 0^JlT J J y*> ^y-5^ OjljJl Jljjt^r* \j Jlj Jyl ^J^ l L5 r * ^jl-L* ^Jl^Ul 

* *J—* ‘‘^—o- 5 _/?jl—^ —-Lo ji Ja V j ^ £*'j j- 3 jlj ^>- jlJLfc* . ^ y^ <L~J 

( J_>-lj jl y~*l< ^lo Jl— j2j 1 J ^l>wi 4^ y-S*^ oji Jjl aL-/J C —» * j J OjC JjLo Jl— 0j\ 

Jl o yL- —Jj> a* jLj aST ^ ^-S"' ©jl*AJl^l J ^ \*s* jloJl-UliJ^sa 

jLS^ O yy aS ijl-i—j J £-JJ OljJj - J jS l>- wC-m-I 

Jl J J—£■ (Y ^ ) Jj-*L>- . ^ j|^ a Jl-LJl>J->^ j A_J^A J—* J A» aS^ 

. Jjo jLlj ta-Li a.-L ViT jJ^ aS^ lj J^jl4 (_£!•$■>- jj 


j^f. J j 0 Jo^j o^jj- ^-'Uj l _ y ju iA--j jj yi ji Jj>^* oj;^- 

(^1 j-i . a ^JlT "^1 j~* '“ J 1 <J*3 JaLL 1>^ oJ*J» 

lj . |r a ^Lfl T w^ 1 ^1 A_J—^ rtL—^L*J J«^ °J-~*T jl -5* Cj* 1 J ^■■■»* ^( y y*SU A^ 

jl j-J lC _-"1 1 * \/ Y'Y 0 C/ jLlj aS" tjL ^LcaJ oJj> <—‘J-^ ^1 Afry+sy* ji 

.JUaLJ O ( j i(JjlJ-T C.—r*^p lj ( £^-*l-o) vjl—jJ 0 yyr a 5" (^1 A lafl .> J 

jl ^ ^ aIxa/ j ( jUj JL*jfc j^)jl jjl_^ tJl^ \S *lj — » «* 

Oj J .^> A_j Jl ^-j lj aIx^ J J ^1 a L^ Ii .~l—* lj <1 } * * 0 II 1 j JS jS^yt jl jS JL» j J J-L* 1 'd/L 

• ‘^—*j^ ^ V J- 1 ,.^”l 5^. o'y^y b J^jj (—-* ^ 

j^Ja j-/l L-*ljJ! 4aJLa--»Iij . J.iS^ I j L*.i _J JjL* Jl^y 5 !*" OjI ^5 aS*^ vl —*»\ w_JL>- J?Jj 

^ J—^ j 1 j jjL^>ip?I ■!>« A ia t» j j /j— 4^^* jl~ ^ 4 L? 1 ^***’1 > ^ j* ^ '■■- ■ «* ■ 1 

j <X—‘S’ L*^> Aj ^ J^U—»1 1^0^1-wLaJ jl aS" —'Oi 1 C..Lp . Jlijlj 






i 4-; jJi ji JL-ajl ^L-O ij^5b>-l _- 4 j 4 S" C—I jl y yjj * 

L |^1 jS~ ,3 —' *LT j *C_*Lj 0 JL* a^JlT tLL-'Io jfi* j^j ^ OjL p «j *XS" 

L a 4_i *C_^jij^P 4_jT C. -1 ^y»L *lo tC-—jL ^Jj^ 4^ [J }y^ ^^JJJ ^Lo 

. jjl-U ^ W - ^ Lo yjj*- j 4ibHi* 1*1 ^ jl*L 3j>- j ^^Njyj 


^*LJL» L*l H LL 


-* a iLM 


C- 


j—>\f ^ * VtYo kPCi jl —jlj j^ lj u 1 a \i6j yj 1. sj jL^" *0 SI 

L-#i. juo^ jLu ryr/\o AT° ^ i * \/troPsa jLJL Ij j,y- ^j 'rvr/yoK* 

oU_* 1 L. .-O *0 — LjL >*>~ j J i^jlS" £W*lo 4jJl *cL*L.i yj y i i J J jl a^lg,7,.«il L jj iUL* 

j— A . .ijj i L_. .,0 4_i tjL^" j ji .t.» J Li Ij to LfcjlS" jl e.iLaLL L . C....*»l 

LI—-I LLL ^~ > ^~ l sJ^ £«J—-*to l^^—V 4 Li^ J t -b 1 L ..«o 4j 4jyT ^-jb jj JLj 

tC-JL>- 4_S.iL* i*-Ljo L y* Js—*J y* ^ (P.T.V) jlS" LJwaL <u* yb 45" aLIj dJLLvli* 

J_Js» |J-Ua.^ ^LO —L* 145" JL»- yA . L—«*l ^La Cj ( *V jj—a») ^Llx* 

j-t J Y- \ l I ^S+/) ^jl-U j r S'\j—» J<U td^4Li^j,4y O^jli Jl ( J-^l>- 4j»wli 

ol_L^l»i Li Ij L«i < L>* £-i — 1 i... .* j L — ^i LajIS^ ^ L t-Lb 

^Li* «C_Ll J iC -l ^j^-L jj; jir 1*3 ^ J-T a j'J j1a5" JjJ W—— <*J t^U-P^O . ^ j 

: JglJjfcl ^Iji j 0 ri^S" 

ojJT ^j^ = ^-j^ + rvr 

•o oL>L< i ^^j^ . ^jl^ a! yl>Li ^Ijj ^j ^yilS^ C_ >j 4ajij ^1 

jir <0 tXjljJ U (j^) j -bL«^ L?^>-1 J-L *S* ^ ^Uii—i 

ajJ £ J& j2 1 — -U^a jS^L- LjJj^L ^ ^_L- — ^L. L-»— l j^ ^j-^ yL? 

• ^ *1>T ^ 0 »LL^ 45" C—-1 ^jj Li l J ij-'is* 

Lsl_L^^* 1 l>L*^ ti y**^ l> ajlJJlJL- j^ £fcU->lo -Lvjj 45" 

■ *j-^rj yi L ^L*j JL- oby^ LjL-1^« ^ L-* j- 5 a; 1 j 

.1* ^l^su ji taJ-i jLU jL j>■ y\ <JjU^ jl'^5^ ‘jtJ o'- o?- 

aS t _ J -ijj L< l— ; J; j j~>J . -sj- 5 J^ lt~^ J “■-— 9 



■ j yS" 1 —- 


\j JT jlii w-r) 


. sQ — I ijl_—(.-LdS - "<Q 1 jA-i 

JL_— ijl_— >^LS'j—» Ju L_> o^l<i*.—' ^j j* *td—Lo tJL— d5J ^S^l—» ^L«-i ^^ 

<o JjL» '.S^L- ^ to <.o-da 1 >1 ... ^^ 4 j ^L$J y*yt J •* • O —' ij i ^ .la.’ aS** J-—Li 

j—-* 1 ^ JL-* d-£vj L- ^ t_sLo a£^ dl—4 ^U- ^j 

*_$'IS"" jl ^ 0-0 jL—w tJ-d J-aIj^j ^j^ijjj <_jLS" aS" Jb/L jOj 

1 jlojL^p -dy—S'"i^y- 4 j'j—® a^L* i^t QUi aS"* ^L» 2 >. ^^—^4 o-iUO 

jj . ^j-—d j 1—o t> ^ jLiL ^i^Jl Ol4l^>*oLo ^jj 1 ^ jUL* dSJ ^i^Jl j |* 

. dO—i a^w^I dL«»^La-* ijy*J^ j jA* dO^LL* J^' 

f-0 

OjjOp o ^ d— lS" ijO> 1 j .• 0 ».» > -» aS" dl~—1 i ^ y i y? l>- JL— d^j 

jO^u. Lj j jlX. jyrf^ cr*^ ^J JL-- O-ajLiL* Oi 1 ‘j^i* 

. :>jb jL ^»- JL-* ^ C—-1 jl—4j 4 jT dL~*0 ^ <SJJ^ ^ ^ tlj jT ^ 

. <1—jb ia>- LJdS"*^ j jljy>- JU- ; JL-- a5^^ 


0^ M >> f^O-^ 

/pj’l. -Xi^jX-t£jA a lag» d^j tJU^< d^J ©jjjo 

t-ijU jL»^>- ^UlS" Lj J L ..x aS" ^y>L«j 4JL4 ^$1 y . JdS"*^4 db 5 ^^>- 4JL-- JL^>- L aIsjsj 

■»«.! j^-f* L *1 ^ -OjLJ jly>- dd-^?- j} j> JL- Olj^ L \* oiy j I 4 J j$X* aS" dl——I 

^U a^l— — Aj JO- ^yjP’ “b*»L JO- j[j Ja>- dd-^>* ji L^j I U- Aj U- 




A*. 


-diL aj dO— 1 ^^^-4 sLfl^ j** ^j! . ^yX j*a JLj^~ Ja>- ^*0 aS^ O 

^,—Or f j j .p J I jl ^ O'**" - aS" JL— j} ^ d_^j >1 

L ~*- jO ^_i j*-0( jLjyf) Ja>- ^ JL— jl 0 jA dO*• jb^j ^Lfli a 5^ kO— ' j-.' ^ 
A— ^ O— —' a-L-— ^■^—■ * . 1 jLj^aj- ^1 JL— aS^ 3^d- j j-s*' < 0 -—1 . dl—— i 

. iJL — 1 JL^>- 4—..■. •> * 4 ^'^j ^SJLLj Jdd 5 "^4 ^Uul aT ^ISn-— ^IpU- 



3 1 jt-j. 


Jl—i j^~ b J J \ yJS* 4—> Jljj^* Ij ijiS" ^ jl j! Jl_- & j j* j—■— 

. ^j—AA t-L-L^” l j_l? (Jl*-^ 4_S"" ij ^ ia^- _ ^_^^_i _ ■ 1^1 jI j »" 3JT 

(Y-T^ JSCi) 



J 1 -*' jit>» J» 


JlU" j 9-^- j) jl dJ a - x J jJ> jJ JL— C—I Ja> *-£j JL— ^jbj^ Ja^> Y-Y^ JS— 


t oj—> * ^.0,0 Uj ^ r_o_r 

- * V , JL^. J^J" J*»KI jt\J> jJ (j I (O^jliL® Ojl-lili, JL—.« lif>o 4^1»1 4j yii> 

. Jj j*j£j j jj J>jb iSj^j'* *>>+4"**j} 4T (Y— 1*) JjLL* ilj j} JL- 


. jjS'^ ofC s OpL "Vli 


4>*A—3 j C—I Ij i L 


jji JL— 4j aS* Jjo^* Jlw ^SLJ L oLLLjl . ^ jt^\^ s* jl j* jJL 0 >»J JL— 

jJ JL_— 4 j V t(Y —T** ) .jf— J^ ^v— ■ — IjL Ij OP j— JL_A OL>- 4>1j-rf? jjb jjl>*-« 

tif— 4—1 k———1 '^^***® JL— 4 jV Ij C§ Op<jL_A t jj”"y>*—« 4>mA*tf» 0>jjLv* 

Ij 4_ ^ 0 -<«l>w3 <f C.. l^j j $ 0—1 ^ 5 -^jJ Jj-tfJ Jjjl LI $ .5 j— 43jL jP^- k»- 

Jl J_ j 1. -Ul—Jb jl J5" o-CjAJ Jlj j^T - ■^ a ^" ^ 4S^ i L.:.>- L »l JU 

j-^— -5jj 4 j>ijL 3 JjJ-i 4^1-i—» OjjLx^ JL- 4T ^J 

C ^j*- C s C— t*j —— L_» ^/L jli j^- Ja>- Ij 4^ JjjI O. Ip 4j t(T—V* ) . Jj 

4—t jL«j J-r*-* J - 5 « ^ JL^pI JL— £\*a* ^k— ji 3^-a j j L 4j^ jj t-US"^ 

4^1 jjLl^ JLfcp' ^4_ja JIaLS" [^jiJ .^0 40—1 l— 4^ L ji JL— 

i_-L- ^jL^Pj— Li JL— ^L* ^La . jjJ"j L t J^C S j! JL- Op j— 

i^I j—i <OPj_— jLj-J Ji 4p^jwp j>_^>- JL^li L 




<Lj L-A 4_j M i ( T 11 y 4*-Ljl^ ^^/_jLfll* <0-Py^ L* 4- i Mjl w^nj yA ijjJ»- ^^*j| JV«*j 

■ ^ 1 ur* ■> jptJ 



Cv, Ll»<-f y**J L O jjr'i o ^ jJ^Lj ^w> 4 J L.U v3o L.i 4<-Mj t-r- j^-w 

ia-^y . -ol^«£■ y ^jy» ij _>y yj. -^y ^ _?y y^jy vr-*' yy y^" 

^Ml* -l_>»jL^ o _$" y>- j—>y j-5 c^jLia wJlJ jiy^ ij ^.J-o* jy* 

0 i jJL* «S" J**\^s* A ~* J ^ -< r? k -i^"Lxla-^l j j*j jI^i-i 1 *w --* JL**' y5" {£3 j+* • ^y+j a»A aL> wtt 

. .3jlj 4 ^t A ./? y^ 0 JLi» JL-~»| ^g-X>y> O"""^" 1 

— Z* j2 , i.i ■ —^ i_ .^Iwa JO O-P y*> L JL^ j2 y ^ytJj jLlj ^y y~* 

\ Li C~ -*I y}y y ^yI j td-i»L C y Z ^UjjI JO- O-p y** y"l ; (01T» ) 

r oc (t-\Y) 

/ uz 

\ Z —*y y^j Ojj-*s> 4^j jO^« 1 j ML ^JaJ j tOMl~*“ «wwlp\ ^ 

clc 

r = jj — (or) 

dz 

*i Hi" 4iajlj 1 ^L H->»L® ti^MLwi ^jl ^.^*1 . ^1.. ^ZZZ>- y\ y5" tf jj. )l ij I jj 

£ m L* j jL_y l^_j 1 tlj»—* ioO o^Lai—*-l yS^ i^gL^.z->..«*> jj LiJ l^p 45" ( yML--) L»1 

o y^>- y— *\y . oj^«L hj-j oMt-^') j j i i^a Ml 4Aaiij ^L 4 JU^u &jcS i y^*- 

j-j 0-1 Lj j-i tjjijL—»,jiL j oi yy?-* 45 " j-5 ^ ^y^-w yO- l» y o—^ l>- 





Aj sl,.*w <i V L $jy\J$ . ^jb i^>-j (X —\T < ) aIsljIj 

.0^1 Jl—v ISb- 


<Sjy\£ = f* (- JjMj) 

m.s 

\SSj>\J> : v {™ /£ -^'j) 


(Ml) 


jl l—* Le a.a_S^ ^jjl—1^ oJUbif <i£ Ja^I ^ slj'yi—* a^ 

si — ^1 j^_j 4 —i <k~J+> \*S* l£h.,<?1 y-j. J-jS** ^4 lJaS"" C-5 ^f - ^o^* *o Ol^* 

ij I a_S^ JL-^ iJx— j ^jj-* b«l ^ JU I si. .o aj j^ji aj X*L>- jiJlijl aS^ 

(jjJLj I J lJ I 0»L_»1 Jb-** 1_5 n- 0 A_S* si, **j| ^ jV ^>1^* . Jl5^ ^ ^ 4 Jl£^ 

'SJjt- 1 J ijr^S. ^If-w (C—-I C-p^—> l_— 1 OjJ^ <S jv ,l ji'^'(^ 

. C-ib Jjoy^ aX^lS* ^iCl-^l 


jw?y r-o_r 

fljlAJllji j ~*j j-j >1. Ip a_> JoLj j_j 1 a_j (JL_*o (jL aS' y\jS* (jjj j~i 

<£ oL*j t« . * ^--5^ jl j_j \^_lj£ji4 i j^i A_jil>- j~> j jL^>* Ja»- ^y>J& ji cSj>- 

^l^JLU J^\y jl JJ J^j! j\ lo-Li iwJlp S^-y* iS^*JJ~* ^S^-A^# Aj 

, J^S*^jA \1o4j\Jl 4 t^ jL« CT j^ C-lp Aj oJj^1>*jI y 

jljT w ^SjL_.l y_ j ^i..x. J> l^_Jj£i. J-.U (^L*jtU j Vi ur i»vi aj 

. Jl—ill 1)1 i _£jj—l\jS" J -Lil 4lili k - — 1 ^l* . Jjl^j, ^jZj\ji\ IfiJ^l. 

j T V * Ax \ • kg/m.s j—t\y ^ * * C ji a j _l j^L_il i_j 1 ^ .t.'.>- (_j_j i JU> 

.c—iMr/rxi«"° kg/m.s ^V'T 

\j-> j i-L_il <cL-ib j ijjii JJjljj ( _ f O oUjI* ^rr 11 ^® J* 

jtjj ,_5-^0 _ry»- ejlj-JlJjXj \.^y>yS- ji ul—vi yjl J ^ ^Ivs'j 



O^L-- U/ 


j. 4_1 ^*->1^1 jl_T ki^-» l_£\— o *5* ^jUj • -US""tjLo L*j\S" ijjC-5^^>- 

^ * '? * ; ■ ' 4 —^") J J_/^ ^\> 4j l^j I 3_)j>- Ji Jaj J -U yZ* ti^»»J 

_j ~i_i I o L*jl5" j-5 (Jl*** oL^*- ^C—»jli«. 'si■ iH-S" y~ ejlujljliiil 

Y/Yx> • kg/m.s j-j)j> 1 * * C ji l_^* <Sj£ ’■ J^ 4 lS'^ - -kk^ crt'j*' 1 cS j£ 

. c—I Y/lx ^ • " c kg/m.s j.\ f Y * • C° ji U 


(jj^liti 3 (®ljT C)bj> T-0-1 

j\. OUI Ij Ohj J - ^ ^y-^~3 ^1$ wl*j I ^LjnjI L> j-Li^jj 

Lo J jL_j*3 i w Q - . J k.1,> w* 'OV L>- ^\j~j »JOjhil* w-^L— jl j*- wi^jj t^y jy Li lj L* j ^ 

o^L-i aST ^^ i_noJjbLiv* Ij <oyS^ y*& j 

. jj^_J*JsJ)» 1^4 JL— L L 10^ jS' >^L*S' j>- p lV.« J?J-i tjL— C-f j+**A jJ 

, -L^ll <i(Y—\*Y 1 j 0h^>- J (Y—) (i^\j l )i Ij Jjl ^jj Oh j>- jl 

cJ-VjT C. —5"^>- i^Jfl oj j- 5 Jh^ - * Oij,> h)h^>- 

l^—JJ . ^ C-S^ j>- ^$1 Ojj^? l J-^lJ Uljjl J ‘O'if L AjV lL^j vO-P y-" ^S**^ k.5*^ 

A> Lfl> Aj'if . Ai jl AjV tl^J jl cOL-fc-» OIA> ^ L^J 

j 3 . j ]p{ j\—ij^)) 4 - ^ c> ' ij ^lj 1 0^** J jj^*^ 31 Oh^a^ -L? 

JL-^ ^ sO>- m! c->yij j ||t j y*0 A» jjjS' l)^ - a 5^ ^ .«^ > - h)h^>- 

^LiNj i I j^oJal«LJ j (jJ~lA> A-*. y**—* J -lij JlS^ jfr jl ^J>" C-S^ j>- Lr 

. JL- I__ L>«-li ta^/ 


JL*j jt >► 


wJj-o <jj JL-*^ olji joljl jjb^U aJ^J e5o Y-Y*l JXm» 



c/ilL- - U/ ^y jl yj J-ai 


w-Ll jL 4 jLj | | r " J- 1 JL- JLy^ Jo^L 

^j-4j JLo.pI JL y ^jJS* L-fr>- j -Ly-y* JLLj ^J^-i ay L CLT"O Jy*& 4j JL * Ll jJ> 
j\ JL^>- j .—- *« Ia *uL^ 5^ VyoA*.Jd«L (iyd>i*ji) L {( <i1j>a Ij JL- ji y I !j JJjL ^£j>Lj 

JL-^ 4—> jj\ jl iJj&i £y 4 j l$jT yi^y^ jl Jo*L yL>- <Sjj\ lJL- yj yj 

jLj :>L>J ^ ,>J * LL-I *-Li* y-jy J-** 4 <i J-** j-> ^ OjLy- JiiU 

. j>L ^JiL* L^j- 4j 1 j ^jyl <S^ C -.» -l ( J£l* \y _j ^y-y* JL- 

iL — \ \y 1 JJyLy- JL- “-j ^ y^Lj L5 —L j ^IfljUjl l j aJyj.j 

<1 jX-}j~jj iwLpi' ^L 4_) _L_«j Jj4_j d!xj jl . JjL*_i L y 3 ***■■■ * Ij yiyli* j ^Ijl JL- 

, vl—O -0 JL- £y J->^5* ya-^ . r .4 


jjJyjJ d J4C f-0-0 

4^p»^_«*x4 JL^>- ^ JL—- d^-j 0-Li J?aS** ^y jJ jdJyjj JN-L-I 

ia 4~>- j-J y* ~ »- y—_^l ^Lfcj. -L—iL i^JLp JL- y—yjl (_£Lj45T ^yiy* ^LjI y*j y* 

4^ <1—.-I j-j-L JL^-I yiL* j (jl_j^>- OjLp 4j $ Jjjta JU- djI-Clj CP 

Jl J-j ^y^l iJd-iL ^ U- JL- Olji y ^ . /a-^u .4 |JaJ j . -IdS^ iyi> JL— y yl £ iS^3ji 

i-L-P tyj IyLj . ^jli JL— C— %J>- jipT y ^ L—l y y 

L— Z y- ^jJi Lyl—» j3 yj I y ji-li* . C— \ y\J> iS^3ji ^ L—J L Ll>« c jjj yj j 
tJylyLj C — "4 jT >*y L—d JL- L yly ^aj ^C— 1 ^jiv* Uyy^ 

<L/L J iLjVL- <jL y _/* • L—-1 JI —>L- j 4 JL- ^J^l>- 

yjl (_g- ^y-*i ojLdl JL-^ LI. ^ojl-Llidjl j ~z * ^ ^y j y ^ ^L—-I Jl 

.C—.1 j jT ^jJlS^- Ji JL- jPV vy» J-’ 1 '' ^ f)f. (fi 1 inertia) 

Finertia = (JL- ^-y) *(^l£>-) x (j-tj—) 

^ ji JL —^ a. 0»-L—— 1 —'_r-^ J-«>L»- <lj Jlyjjy*'j JL—. ^j - ' k.i 




F inertia = (j£r>*( Lttf * ^ia—) x (C-P y ) 




oVL-- U £ 


• l ij* ^ O a] j! Fviscous \Sij^£ \S3j? 

Fviscous — ( \j~r^ <S 3 x (*lai* ^a—) * (Oa j.— c_~i) 

:c-l (R«) jol >ij jap iSiy^ <Siji <! cj-'j-J cSj^ ^ 

i - • F 

n inertia 

< . —■ = ~p - 

K,sa,„ 

“O . C.-kiI -l_*j jj-U jj Jjjl jl c»-L-i jJ3 iJS’ j 

L-r 4j ijl^J l> “'** J ^ ij J(^ jli L ■*> 4j V*2^P ij . ... i 

' L^-j» 1 C-«->w t-U J^U ^aA* j a^jl ^ C.->-L^ aS - * ^L*j . .ata ^toLkj 

! L .a^j Jjbl jjiJ jjIJl* jjl^b . *UiL^«w j\ J C-■■*I 

D JL-. ^ 31 ^ x JL^ xJuo -u»^. 

K c =--------- 

JW* oj/ 1 / 

Lf) <i~—o l J—«j 4 ■ “ 4 nitJj«i S 'JUlT L aJ jj ji JL-* ^L*j 

L C—— 1 JUlf* kiJ^ jjJ_^lij i-LP (T-ff ^J^i) t( DjlilT 

p CD 

r p =-— (y-\o) 


01 t-L-A T _. M .a 0 ^_j^ <SU J^* - j 

',»* ^ <JL—^ \_i »> ja aS" L ^Ja-< J^is C—4 * ■• * ^ «.-< . < _p 1 ^^jlS*" 4j 

: Jji OaI^ yj ^li J i JvP klJW - 1 j J . -LiL 

R pCl_ ( T-n) 



j* u*-ji : fj-» 


Ctf yfr 



£*Sj> I^Islu>U JXrfi 4 j JLu> Cilji J^Xo ^ J>b Y“Y*T J^Jj 



(D) jh^ JUv 



umI 4 J ji ei 9 idj^j ji* **1 jb<^juc jLui y t t -yt j. Cj 


jkAj^Jj J jjlJ0U f_0_0_! 

jO tJuloU -“ eita (Y— ^ (Y — ^ 0 ) OV^Ljo jj_l 3^*3 S3& iS^ji OIjLp 

L C-p_p-' c^_S^ ^LSI*-). -u^_~> i_JLp JL-»» >^5*1 aS" ^l^JLijj*- ^y*3 

j j . C. .-I o V L> -,Jg jLj^*- j 4>1 jj- j^T i-lt t( jU j yl £ $ Caj« m .,« 

( 3 J 3 -^ * «** ' " ' " ‘k ^—- 1 ■ > ' J J LT'ri 1 1 S\*3ji ^ 

• *3*. **■*'333 i>-' j* * ,, -~*“ l ^3ji j-^^.J 

ji -!*-• O fl jTjl jihOi 0^“J ^S"* C~**l (jf jlji* j>*j j-li^j j ^J«p 

i lafti j* - * c5^ - -*i"f \y* C-*o ^ cJU- 



OVL-- l>/ 


"LA 


<0 JLi j^r 1 J—j*A-j ^1 jt 1C—1U- a^Jj &£jl.Aj Ol j ~>wi /j>\ ij\ji 

• c "'' ^i- 5 £/ 

( ^\j pj . C- /? ( , -< TO* • j ^? L , Y • • • jjjj )>Ap nJliliT" b aJ ji 


(Y-Y*L) <du!j jj aT aJjS" jU-* jjJ jjj tj«—«»■ li^j lSJJ i^fT OLi j>- 

(JL*u t-Li-b e)_j-b*j» ^jil j-j jJJjjj J-AP aT ^_y>*_) • -A-ib^ -*! Y X Y • jR c /- Y •* ie-Li 

cJL^ jL b)L —i j>- jL ii I—..**! ca)jJ !*■>• j ^ia*- jjj ^lii ^jLa fl *A~*Li \jj£ A^*li j) 

• ^ 'j^ 



JjJs t_£j jjj y JL-j jlj< jjJj-Jj •»«*£ abul jl Y-Yf J£-i 
* % .ml1 ^jjIoa ji) jjT Li Jl> *111 ■ ■* 1 * 1 1 

Y-A Jit. 

1 ^ ipj j (jL-u ^^1 «u5 ^^1 C-iS^^>-' m/s CiPj*i b 0 /Y rn^la> aj ^i.1 aJjJ iJ^j jj 

c—o a-i tj jL>>-jjJ^jj )J_p tJ-ib'L/^ kg/m.s ^j-Vr jA«* g/m r JlSU 

^j_p .-Lib ol/lxY i'* kg/m.s l _ f ^r <Jjy\J? jV Y kg/m f l|lj* JL- ^fl.-bjjT 

Y C—<1 jJi^- jLi^>- J 

^lj 1 l)Lj j>- ti—^ i ^lj —j Y ) jj jiXa^- Y 0 • * jjJjj j j-Ap ^I^j jLi )jja a)jJ jia. 

J-> 

; -AjT^ O-o aj (Y—Y 0) aLuIj j! .iliLnl Li Rg jjJjj j j-Lp aJjJ j) ^jpjj (jl^j 



o'i/L-* - [ajS ^ji jj J^i 


M. 

J 

C] 

tul/ 


{/' 

}>«/ 


0L^>- j -5 * O**! ^1 j l jL^>- JJ jt • C—^1 Y» « * jz^S' ^JLp ijj>- 

. C-«*l ^lj 1 

! L C --.<*l y\y j-jSyj'j -i •Xfr (Y — NO) j jl fl^Lil^l L 4j^j ji 1 jA *jL J>~ ^1 y 

n {p}„A C i«r D >^X\X./\ 

K = -7 r-=-= fo- •/£> 

{/'}<„, \/Af?X\.- a 

(*—sl^ > -* w l i ' ll > -< v O"^ * ■—Vli * * jl jji ^jI 03^? 

. >v.>'i ij.^i Ufc dJ^J ^l^iL^_> 

* L il ■ .*■ I y\ y (Y“ ^ 0 ) <]aj1j j! o Ji1 AT »m I L ijjJ yjj ^JLp t4j^j j J 4_^? I ^1 y 


n {A, }{t'} u D \...X\X./\ 

K = 1 ; S -^— =-= umrvo 

{//}„. 6 f/fx\.“ i 


j j { ji i -,'u_j >-. c—-I jj Ji' j' “-^-- J ' * • j 1 jfi if. J -A* ji' j_?»- 

L Svj ^ la> \ 0 * • l JL-j^ a»- ^lyj \j jjijjj Js ■Xz- ^\ . - L.'.,.,. ^ LiU Jj ilft <J^J 

: L c-J DJj! >»(t-^o)^lj jloiUL-l 

„ K {//}„ \ 0 --xOT/f x\. _a 

D - 7 — t — =-= A/ \ fm 

lA'L \---X./\ 


- L - iL ! l _r* lt'j*" *4^ -^L. j'y 1 . tj-^r 


t— J'Ji 


^ j4-i 



OVL-- U/ 





jJIjj ^ jUas *-Sj jl 1j* o^.J^ t£^ jJJj-bj «sj | -c jldaLo Y-Y : JU» s Y-Y& 

C^wj! jji^xwJUo L (ftljl ,jlj ji* dS J xjS in fi 

r-\ juu 

ij_» . Jjli'j- (r-ro jO)r. w/i- ^ l, jTu- ju ji ^jUJ 

joJ_jj j iJ—6-tjUai jl>- jl iLo\j a»- ji . O-*! Vox \ < m~ /,V lJ $Lj'u.:--. ,jj^1 ^ 

?-US^ ^ j j j J—j T x \ * j\ Jla* <\j 1 jA 


t Jw^L L jj\ji^ l Jl— ji T X ^ * 4j J-U J->J ^-W *£" ^T»l l5^ 

‘ pjjta (^— ^*0 Jiflj jl 

R P {v } r x \ . 9 x \/o x \. a 
L = — - ■■-■■ - -- \ m 

jc} 

ijj-^r j- 5 lj ojy** ^ l 1—«l _/4 -j 4 jUai J_J <b a*-^; L j ijJ-^ <J*jj ^ 'j* 

C—ii O jL~j . > A—• “ iSjj j— 1 <J J* - a « ^ y>- l)Lp j*- c^ilj ji Joj ji tjllaJ 

• ^—“' sJ -i < j' J-^ A ' jJ» *J (t-f jJ ^ ijb 


3 |“*jT Ob j> ji ^ji f-o-Y 

^j— ^rr" J o'-J-- ^ o' oiL “ j f'J okj> j- 5 

^ *—» . C-—I jj “Uajlj jL> (T—V - ) Jl 

: y j JSJ. aj lj «r >1 ^ijT 


r = //- 


(r-Y v) 





V ^ 


j 1 : {*J J 


jSst s <o'V a_j *t^) ^ialjU jji? Aj <JL-* Ol_y & t^l > jkZ*a ^j yj <JL~v j} lJL>- 

<_1 j —3 J j j—* (Y— YV) aJjIa* j j .J tJ-Aj fl T y x> k l ^ ll- A ^“y i-UAS" ^ y- 

'. J £ jL yj Ojy~^ At^juT » <T vl -I f jV J C>...;> 

r = *% (y-u) 

jT j c—-I J-Uj J^ly j' L y;lj £ • -'-'* l "j" jS" 11 y'^ 'j E ^ yi 1 

<^Jyt\ £ ^ y-^ J j' j1-l—i»j ■ "• * y^ J—^ tC—itj 4_$L«*J 4 j Ai~»ilj /3CJ oL* djjyti At 1j 

*.<i£ L^ Ja^a 1 —Ajy AAj ^y a£* C—y I O \ ^y^JL* ^yj * aIL*** y 1 j w—-I 

ji ^—a*. j- 1 -*■— ; 'y : y ^y-^y y-i 1 ■ r'j^ okyr j 1 j~~>. yy" j'y.y j- 5 

. -Lil yy oyl j O^yr ^ o^-* a» ol^* j) 4 *j l j j ^ L *^ **** 

jLJ j ' y. y-lA* ^I^ALy- iC.. — I s-Lsn^j jL™j (Y—YA) *laj\j ji £ Jy 

•^S l_£javal . —( ^a—i\jj yjl) j\ lS ^j_ i.i.■ " ....» ^,j*y u,'' 1 *' 1 . 4 “^-^jj *; 

J 1 - » V fr*' ^ . I I oJ m* jAJ ^ L — ^ 1—I J J l_> | J . . \^J J At J ', ■- i 

. J,— ...* (Pci) J15L_jL J->-l j 1,J^^^*!. J j' ■•■* J y iy*^" 4 J J y* IjtJ • k - — '“1 J*j 


: Oi’y^ 


\£h~t2\ 


: f { j jJj) 


/ = 


r 

■/dpC r 


(Y-^) 


j_* t jLi< ^1 j_j . 


■ O jJ y t-Lw ISJa-^' 


>-J^iyr o J j^ ‘—P j-> j j yj Ajji t y .. ~ . .; aJj] i^y f a>“ 

• -1 yyt J at\jj j j Jlj yj j j-Ap aj -■ f y>! j J ^..Ifr ^ . -l-A ~Xa\j>- j ~ .... i ( JLw' 

J»y-<y lS 1 * J (^ • k: —f -^Jy* c5'y Ji' J 

. -LX Jjfcl y>- ol^ At aj 



- U/ 


VT 


jf 3 iSjtf oj(Jul t_0_Y 

_-1 ^ J^- d <l£j j yl^S" ^^5* «j!Ail<j;ljj 

o^L —<• <S* lfr>i ‘ . ■ * Jy I jl t-3o-A->^j O^vL-- C^-^J]1 jl 

^ t^^-j ^ i \j I (Y—t**^) ^jjy ^ 

kiS^jLj «l_>V ^5L 4JL-.J <j 4jl ^1 J <cjyS* j\[^TJ^' <*i^j a£”* C^l ^Jji 4j\y^ *1 

, ^y**\j* 1-^ C-.■ * *! jtJ ^ jy* OI ojIa^aS** — JL^ 



\J}y*£ o^ljul oJLtjj *iljt?l L lj JLt-w CU^^l *> C^O** jJ Y — Y*£ 

,Jll5* ^ j-o IJ>-> ij 1 o C ajo^mJ ^l f j ^5*Luj 4jl^jLujI jJaj Jj^-o j^ljwuuiS' iAJS ^ya 

^yj-5"" 0 J- 5 J ^ -- - -- ^ J '*'-*' ^ \jr* 4j\y~u\ ^y \ jl 

, 2y* l£J-“^~ o j2 j^^-jl>- AjIjI**^ aS" L j f i y^t 

J ^S' L_^ j\ 4 —-^" ^ijlJ c>- 4j iJL_*-j ■! '. *■<.» > ■ <■!. Ifr A^ jjtiS’ 

Jjt^ '—■—•* aS" .a^ t ^ *yrj ^ J^r - j* •*-*■£' j~* ^ * 0~*-l ^y*—* 

. L? 0 JJ^-^ ^^ J 4>»jL<«* I^Jj y_ l£la^l 

j (Y-f^) ^IjL wCjL«4 Jl^-j>- N r gv C^£-li O 2 Ai^l^l- L ^T' yi 

^0J^**" D| ^ \£^y I'(P 

Jl Jj~—> J j 1 ^U ^ 1>-^ AJI^I-<>i ^jlj l^> vJl*—yjl^i JJb- 

^1 j l Ij jL; 1 . -Lj 1 C—4j O ^ j 4jl^l**i1 iJ^y «^l>- 





vr 


oML- - s y>''y~ jl j*y ’■{j 3 J-ai 


V:—■“) •Sj—; aj L ^I>-b aJIjI^-I 1 _ r t^ Jl^^ 'j (Y-W) dajj ‘(t-^ ^ji 

• ^ *■■ -" - , ' y) y ^ jl ^b; TQ _Jii jj r ^jpU^. '~—q>' j- 3 I j Of- _/-“ 

TQ = -/^mD.ZD, dc / 


'dr 


oT^Z lS^" J 3 '-> ^- c '^ ^ 


T0 = 


ftrcD.ZD.nD.N tvx 


(T-YO 


A- A 

*^i . jl(Y —Y * ) Aixjj j I jl-bL* J s ^^^ L ^>-b Aj1^L*ol j} JJ l■ •■ Z £\ 

■ 3 y ^J■* a: '•-““ , Alaj j ji ^oli» ^Uo i_S_J y\ J* l?' 1 *"‘"I 
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• fT 5 J* ^ ‘ 

jjA j JU-»i1 vi.-»-..>J ij t jL j jLij U JI—j <.\ dJl>- 

jUu i ■■■ < ^* 1 tLJb> j S'\ <Jl>- . Osik d * 4 *y J cJ*'VL <wJ ( ¥ ^ x ^’ J-^ 

j ^^ j -!^y JW^ 1 1 ^ cJb>- i*o VLi 4_«vJ JL-- 





ji j i jij jjU ^yi—<j jir n 4 oOjj-^ jir 

L ol^7^* J j ^3** L5^i_^ f j^^- 4 ^ jij 3 * jJ&j jj* ji iJ £ ^1 jP*c**m\ JU- 

j-LJ. [,3 „ . : \ a U U j\ji * 1 ^ iSji^r 'j v, t>J * ^ 8 _X £>>r 

J' (T v 'j Jj-r* j' £j-*T J ^ v, 4 £>T j' J J^r- 

.JLO JUllI 

C..,./?U>- 1^-jJ 4 C—-1 o ! ^+py Li 4 j^* ‘V ^^ JL&i JJrr**^ 

Jji^~* - ( 4_l>^ ^j-zi 1—o j !*►—«-) C—iyS^ ojlJJi jUuj -UjL 1j JU- yji 

i jJ L ^ 4 jyy* ti^sj ~UjL Q y.*j£ 1 ^Jp*Li (JL-* 'JLtJ*-y *- ^1 jl i ^-i /9 yf a ^ m -‘ 

<JLjiL_i jir *u J^l» -Ojl^ jIj J^L L S <5^ (_£lyi Li 4 ^ y* 

, ^j-^-j jj-* jl ^Ssj j JL- 


jjljb JL—i 

P) jLi** 




JL—» 

P 2 jUi 


VL ffr ^ w uJ u O n 0 uu »3 ^ 4j j^^jL g i n m < Tv |^5t> b V~^ J^**j 

.Caa^iI ^JL^ ^jpfcjL C *d ft ju»3 3 tdjfid j!yi J L . m > 

ju3j^o jir <o 0$*^ u^r^ ^Ltjujjy 45^ 4^ l y jUijf 3 jir ov^bu r-r-t 

^j—ia-i ij ^ y ■ j- i .-. L— . -UA^ jiy (i j^ij ^jj*« ij jir jib! (JL* aji»j^ 

^jL-v . ^j-i^1 >»j 1 jlS** t 5Z)C *u roc Jl j y«>.>i CL-S^L ^5^ (t - —T 

j Jaj 4 C—-i 3 ^ jL^j j 4 C—-i TOC o j I .a j ^5" ^L^4 ^ sjljl>- !j jxLd 

. C. ^\ l y y ^~ p ^ m 3 P\ j L J l> t 5ZX? oy....^ j 4 Y sjJl>- *u JL^i J>LaL 1 ji Ajo 





jS { U U-— ■ j> \*j£ J4&I j j\S - ^ jJ-ai 


a ./J—>1 jfj —<. u_u I ji Jl. ,m 3 j i UjIcJLp aj I j uSuJ ji j\S" Jliiil 

■ i j~“ 3& ' ’ J L 

■ uJL>- JL -*.> j J. -S' ■ _■ S ' j>~ TDC Aj BDL j\ y ■ ■ ■ ■ ^ aS' ~ “ -I JU*- 

a-/ -uLi jl S' ■. -uT J-^- '~—t*? J-ii j* aS" j»l tS^y. k —’^ jS”_/ V\ 3 P\ ij**i 

«jb u5LJ J—* <_, jLT ' ■ J Jaii jS"l Ul i { a^Tlyu JL*. a 5* ^l*j) j ob J~* 

^ • ■* ^ j£ j TDC 4j 1 j 0^.-■«> j ^ 4 j Ij o' jr* a5* jjIjJ 0^*1 4 

u-S” Jj j-j a_» ^jy’l (^fjl_ul* 4 -Uj I 1 ^1» l c/ifL* jj a5* I 

CJjJl J 4-ip j~& -i I 1 ^* Jl^j-I 4j ^jy \ ^jl t ^ilj -J* 5 ■ 3 ^ -U 4 3 C—-**1 jJu, 

<S3ji —' 4 J j-*L > r^i J (> '■— T j->, -UL»- ( * ~*T 4-S' tS *lSL* • J j—U5'LiJa-<fl' 

■uS”) u_y- — : ‘ _ ij^y aS' C—»l (_$l jjl ■ OS'jl ■tS' Ju I ^ ^yr 3 *y ( ^'l£ia*sl 

io-CLAL-S ,, ^^ ^Li;l ( jtjlj j.JLiL^ j*. 

Oj^—- ^ j j -uS"^ C-S"*«. j5/^C 4j TDC _^i Q ^..4... < 

. <>^S' j^- L-iJti*- 4 j j-j ^11 t uiS" \^S“j?~ TDC aj QDC j\ 

•3s-~t. o^^a^l jU 3jJ i J- ^ r* J- 3 J J^ l5 ^3 ^ 

4-S^ U—LlS^Ij ^fL-^ia-,^1 ^jt 0l-^ j-3 oVl*^ - ^1>^I 0^ 

Ol (^ — 0 ) a 5 *^ 4 j / O^*-^ 4 O-Ld-P ^SCr mJ&i Aj 1 1 ~ 1 k* [>^* OL>«jLtf> 

JL* ^-j Lj s^>V 4 aXh£\ j 2 j3*- C—0' 4 «C-i 

jl j_A 0 j* ***^ j>- s7 »- j<3 >J^l^ia.^l l^j 4 *j*rj 

^ jj 4 ^iL_j 4 o^< p - j •iiS*'cr^5DC 4j 7DC jl 0jS —-1 j 

4 O^yl *«*.I ^1 j-o j'—^ 4 ^r^Li kiS^l^la^l jl jSC I 4 ( 1 *— T ) 40 0 *■• “ ■ y J 

aS' <z..-m *I ^L^«j Jl ji,.j 4 J^iS' s^_.oT j>~ BDO 4_« TDC jl L kL**.^ <» 45^ 

4_> w— j\ 4 ^..,^1 ’j Y 1 /, i iii 5^rj - r 3 ^ jI-LL* aS^ jS^l J 4 kLS*^ l^la.^l 

jL-S^ VY «-/ 4_« jL^i ^ aS** - -A^* o' ^y«* 4 a<L JL * j^1? 4j , Y *T 1 

jC5" 4 ^ Y J la <U ^ ^ jl— 1 ^ 1 ^5** jj TDC Aj AJl jpj U oj>lj 0 jZ *~*j Aj a£* C.I**' 

klS*"UxL.-^l ^1 .*Olj O-iS*'jl> yi j j^, aJj! kl-JL^ Aj ^ w-n-*»I 



cj'i L- - l*/ 


'i *. 


4_U y. Y J AilU^ aj iSvi'a.^l j$ i* (1) i ^ Y J l£ .■*) jtS"* ^ £ ^ Aj jU 4 wL^l* aU-1 j 

.(Y**_N * j£jj).~LUfT < J-^ tU-S**y- U- 4 >» Ufl-!^*-* a a a?* 4 ^ 5 " l£Uj 31 ^y 



.juJlS'^o J-qx y i_aJL^jo Q^> UTl^U^?! V—U JX *!> 

j p^ jUt.a L_> \ C—JU- jl JU»- t ^ j* J^~*' JUUl 4—tal** aj aS"* ^ L>- lj 

Jlj*\ W- 1 I 4 j!UL« £y ^ vLJI>- aj ojLj^ j .ajy ^ ^*>*>- ^P* jUj L> Y sUU- aj ^ 

. C— m\ ^jU*4 Xj \ j$ y b J J J jUj J-i OIj^-Aj 1 yj 4 

vl^_4 V yU? ^jj Li t o-Li U « L JU- *jy* ji »■-. lia-a yjJ 

y ^yS^l&ax^ ^ Uj j-j 4 ^yud>- ^ La Jjj 1 y ^ U^/ U^ ^lU j j . C—*1 ^*>w3 J1 o-U *AJj I 

k?. a> jUy*- <jj-L_ 1 *LZ I yi ja jir JUUl a3jU» y^lyU JuyZ* t ^* JUc-J JL j>- C —£>• U>^L>- 

. jtf Aj ^S\^s\ama\ JjJj t Jl fl4jl JL—* 4i£j (jjl y 
Oj". > ,*nii a^T ^yUjjA 4 iS 1 ^ yij 1 j 7^ ^lo L 4 ^ C_JU jl JU- c U JUiil j j 
4 £ —-1 BDC jj jj».»4 ..j j* 4 Sy j Ty ^U«j L Y cJU- aj t ^jl^ jlji TDC 

TOC jAiUu ijyx —4 <~S' aS^ y ( yJ l* AiJl . ^^S"*jL» ^ cJL>- aj ajL»^j j J^y* 

j i O^J-S** CJlUjA U* \lsjy*p Aj l j 4^jyl ^L-f aS" 4 JU- (1)^ ka 50C Aj 

4 ^ j-S> « Ojj_ k>u Aj JU- jl LJUi>1 j 4 C—-I r r jl ^jUi7^ aS** C.-«jI l _y^* Jl-L> 

4-LiU —> 1 jil 7^ A—4 7y j! JU - ^ \S* y> ^ cJU* Aj Y \*^_Jl»-jl aS^ l _y j ^ 4 j 







JL—-* ^Lo o\ — y Ijj j ■ j-*j ^l>ul JL--^ iu>*^ jCj -^jy* j^ 

yJL. - a^ " ij^^-j ^>* Ji c-Lj! J* 4j . JjL Jlfllrl jjjLo 4 j -iL j ^Lo Jl _Ul y^y* b.a3 U.**!—*»! 

C0-i* * ■ i J'^-^ur* ' CJ\^ _j T cJU- j*j Jp-1^ jl L«^ *T 

• ■*-^yrj ^ Jl—^ ^j j ^Lo & 

JL—* Ij-j j vO*—^ ^ **) . -Lj^ 5T ^jj3 j Kitts'y 4 J i o-Ll ^jjr« 4j oVL-j — L «£ J-* 

J—i i < ~^-i ^«JLJc>l j jL_fT ^j!j ^j-^cJl>- 4 j *5"" w—*>1 j^U 

j jLlT jt^-LJu OL*»*a l_> l 1 «*\ jjlyj — <x£* C-5 **BDC 4j TDC j\ jl 

j—a .*Li5^>_■ C ^>- TOC «y BDC j\ y ji "— - ^ <£*" cs**^ _/ Jjt iL^j L«^S"* Jlijl 

^_j ^ sJl„.t. < T^^j i yJ ijlj—P L^l 4 -Ljl^ jl j£*j J*Ki iL.- fry djLil>»j« -Lj 1 ji ^ 1 JLj*- 

^yr b 1 y* b *^-i J’*'-^" V -^J j* & y*j 3 ^J> J* j* 

. -LL*U y Ju 1 ■ ■- ‘C 


=LL - - 1 — 

TDC’ 

-J— 

1 

1 

n 

Jlojyl ijJL» 

•*)>) ■—S"L5bL3—o 1 0J)£ 

? >, 1 

Hi 

■ *r~ ^ i 

= 1 1 


r^s^i 







.1^ ^ Ja Cl*-wJT JLjIj 3 jl oJjl oVLw 4^ J^aa» | ^_o r-i\ jsLi 


-Ol j—jI -s1...>ij ^g-jL.a>» «0^/'-— j ^L-»j ^ LI—^1 Jl o-L 1 ulJL>- JU LL.i.t.5 "^j 

4-j 4 Jm-m.,* j_J jj LL^.t.5^jJ 4 j ^ 3 L* ^jA*Ji>- .jU-Lj l J% , Jj j\} j\jS U / Jlilrl J tiS**l^Ja-rfsl 

4 L* t *S'ij\ 0 La.'—^^ ij^—LI* j—> L Cf**^ 

^ y jli« L Li / Jliji j ^1 y d-L* I C —*0 jli* 1 jj j 4 ^ I j ^A.Ji>- (^La-Lj I j3 

0^— m.j jJjJ—- jy~* y° _ 1 14 ^ OjLp <j . 3J j! j l a^ILl* li*>..> 4 Jj \ si ■ .«< j 4j j j 









- U/ 


©jI-Lj I J L_ » ^ ■■■ ° \l+*iy jLS"* jLiljl j\jjL* J (jj jiX I oi^j ©I^Xj L»j I j5 ^LJlS' y j j 

; 55 jS' LiLfl 4 w—-I ©XX j <bl*4 Ja***jj <5*" jlS"" jLaiil jl XL* L j ^<£ 

L-«^5*" j jLjf JbXi <bt*4 4 jl . ijj -UAijp- AjLX* ©X'l C—*>0 Aj jp- 

■ */, ^ /. 3 i _ si TjlS' ^w»»J ,_siy sr~3, 

jj-ij ^Lfc-LjT y jLT jU/ JLLil j.>y)I c—-O 4 j ^1 J> t£ y-L y -LjIjj 

l j 1 —i JL_i ijp- (j»^b j - Xl oXi cob (V*—T) j (V*— ^) X>^/ Jb ^>- 

. Xl^-A y ^j-iUi O^lbL*-* ! ll+My a£ 5y** ^bxJi I Xj i ji 4 iX^ <^ 5 ^ jl»i J lo 4 ^po- 

j5 . 3jj ! L- .* 3 4^_» lj jb^oJ yj LL>- 1 —*« jldy+j jt 0 5 Lai—■ I b /^X"fc*A 

JL —M ^b# Xj I J^M j\ ^ 5j*i>mJ> ^1-Laj ^ jS' 0 jlXl L -la.a> ,L "‘ 4 ^yLj.v ^IaJJj I ji 

<sj->M c — y. s*. ^ x j^- i ‘ 5 J j' a ^ 3 ^ 

ij b* jS’ Jbib! j j\j£ jiX-i* Cjj U jb l)L>- ^a y 4 -US ^^4 JLib lj jb y*j 

■ ^<s* uiJ^-“3 

,l uuj u^f* jiijt ij jir r_r_r 

Jl J v_>^ * °^b ^ypy C-Jl>- jA 0 ^ coLal—t L 

-L-r^ j_*— a! --I—-i ^,^-<^4 . -iJJ—^ ^4 4 j1 j y£ lj c 4 j^* t L 4 ^ 

$ s^- o-L-i jL U> ©-LUS^ ^ _/• L*^5* JLijl j ^1 jj ^ j^ 5 " 

—yt j^-L» i j—^ I—•! t xJ^b Jb-' '^''y ls* ji ^ ^J jl£") Lf»l jj Jl 

XjIjj^w ^-Q .3 5 4 _"^ la^» ^1 X>- jA — ■■ L15 " jyA » **-^i ^J (*5A/^/*) jb 

• JL-l\y ^A b -4 (J-lA c ~^b ^jU^5" ^.T,.m.-** jb 's-J 4 Xwb 

o 

aS^ ^L*j 4«xJ-b J ^4 TV * A 01 ^U.5 j b ( /r/^ a ! ^a jUl® 4 \ xJL>> 4 © ^5^ i y^ b ji . XbL 

jl—J 4 Vb Aj jx _^j d>\ji ■ C-JL>- j+y£ 4 XS" J>- j \ 4 ^Vb Aj © j5" b Jl jb 

ji Xiljj jL b . ^jb jts" ^jb J-^ j^,i <5^ ( X j; ^Ji) oij Xl^j ^4 

jL^A jb • C .. » . ^ > 4 J 3 ji^ ji j\S* ^U>jl 4 j ^jb ‘ZjjyP XS ©jbil^i 4 i^.« 

■ ^^ ^ l^^b j /j*J b ^L>- jijA4 4 ^^ x5 "^4 J? 1 j eJU- jijA4 


| » ~ "i '* 1 j jlS" - ^y .i 


\.r 

X.L iS^^i *i Q^ y *j l S^yi lJa-L^i-* y* 3 J 3^ ' «* 1^1:1 L*i 

0“^—^ 0 1 Jl’ ~~ " A 4j\JL® ^ * XiS”* L® ^ ^oli® wL> Li jL l - -" y y~+-^ 4j <■ XS^ 

j c—-I 'yS^ 0L>-* J-i 1 ^ ■ A i^ y\ J 1 <y—» ^yy i^- - ' ‘ O^k ^ ^ “H 

^^ jl^l^**^ »>-*,. 4^T J y ^V^l? olJ L l ^jlfT^4 kS** jlJlL» ^LkJI 4.- jU 

. 3lJS' ^yO j *- *\ J <S \J C-—'1 ^ y Ml jt jlT 4j jlj Oj ^3 1 ^ Jj5^ V )^W>L-'I 

J j L- Ls OJ_J—^ **— £*) XS*"^® ^ C-Jl>- 4j T C-JL>- j\ jL -Sjy* j-i j& 4 p~A jL 

. (r-u) jCi^c _*1 djlj ^LkJ l®^5" ^ j\S** ^j^Iai® jLp L®i , ( JlSi ■»- ^jj Lo 

^iw*4 ^jjL ®3 ®Xi ^ C—jI d.i<». a1 y^~ O j* ijL> 4>-L ; oj^p aj 

L j \ cJL- jj «yS j-jLj j:> jl 1 _ s SCj ^ ^'L*j ^ ‘i yf y O _)y-0 dJl>- jUj JiA3 
y}—»£ j-i ‘ 3 ‘ ^J 1 - 5 j'y Y ^VIj jj 

. *AJjlj UJ jJ a^ eJU- JJ-L* 

^J-Sn— i» <L-» j—A c *A. VL ..*«. i >- 1—• ^ tjlijl j jlS*" *£ l1—^1 4 y\Li 

. L j\jy3^ jj I jj u ( Jbs^ 3 \>- -U ^ ... A 

U J> JUii* j jif J -IUiIj^* -^jir C-JU- ClX* jJ Ji43 U £ Jlfllj\ j jlT - ji jl 
4_S^ Oj-L—' ~IJji \ jf jJ 4 Cl jLp 4j 4 «US^ j~ j *. i cJl>- S iS*‘3 J ^ C I jl 

41_»olj dA-i ^1 >»j 1 ji^" l dJ-C J jL lS^J*, ^ <sS^* ^3-3* 3^ t ^ 4 JL-' C^Lj ..U^JJ 

JL^ ^y?\yj>~ r—^‘. \ 1 ^j' • C—C-*wfcl ^Ijli 4_- ' _U a« ^jjl . 0-^1 Xj I jj ^U*j^ ^f*3j ^ 

I 

j-t X (jL-^-^ C ■ .,«^l—>" C^J 0^y±J ^jil^Uj 4 ^ JJ I C —4 j l £jy*> L IJ 

jl-L_L« jJ yr^ 3 *j"* tL r^~ 3' '^-^^ >_ j** J* I J 3L.-.* n * s y j ^ ^ ^33^ 3^ ^ ^ 

cLlIj . Jj!-\—i CJl>- yz** 0 ^*J J-^ -Uj i ji 4^ y* I 4 ; jLLj ! XjL« y*- 0 i 

4_S^ 5y^-j O^—^*1 I JJ ^ i C_Jj 1 4_j «*j L*^5^ tjL-fllil J jI-XjO^ OjS? 

L I JLj^ jIj ~ jJ J^A Lj — t®/ L jLT 4r jl? 4^ 4 wLi jpC __ AjjIaL® ^LaJJj 1 

ts'j-! • *J yS-*/ (*■ -r “ O-!. 1 c - jl lT'- 1 ^ ^ O'.' • ^ 4 V kS " 

Lj l xj 5^ lj jLS*" <S^J33 L j-j1-^>* ^1 j-* 4_S^ ^j^j^>-1 J& 




O^L- - U / 


uis-—?. J l5 j jjj “V j^ ^ u 3 " 1 ^ 

. -LlfT l ijL— ' jLlJ J-5 ^ 

TCJU 



o*<-o! jJjJ^ i L dj 4^Lwaj1 $y*£~ JLj-**; jljLivo Y*~'^T 


'L-AjS' {JLd li l j jl£~ U • X ' jS ' ^a>\J>- jI'SXaa ^L*j C- .«-^j ^ j*V <S^ ^ A^-y JbL 4 jl 
jll>L-® jlj—*• L C—o^j y 4-j 4 ^ j*~^ -✓> t ojLb -^Jy ^ tSb< 

^jy*** ^ oL—S nj clri^i J *VLj '^ i " s ^ -L^ tjL ^^**1 ^ 

u^-j d X->j jL £ 1 *£ 1 j" ‘* "j y • ‘■■..•~ J ^ **■>'b* Ij J ■>^■■-**1 »—i ^/L 

4_aJ j,* o\ y>- l -Lj5" 0 jfi' \j Ij olj ^L*J «lJp^ - ^ iSj^ 4 C-S"y^/lj 

C- .a.**j w ^ a _,r^ y - ^ J-* Oj-^ *-*" d-jlj .^Jx^-4 ^<oLj fllj aa^j ^ y* oLj olj 

. -LAJj il..-<WPj V i*^Jl^- 4 j \ C_Jl>- jl a^fT alj 4^. y Lo j jL-13 
a-L^ I C~~0 *—> Ja_jljj jl L® jS' mm.® il5s—i ^j-^Ljj Jl-U*C jS ^jV ^-JjP'^ 

1—®i_3L_aJU'i J j-i Jj C ^^ JiSy -LL» 1 yi ^tyj 4T J>^£ “&ry • l)^ ij ;^- U .w>,.m 

^J —&1 ^ 3 ^- .V -b d-bi jlji . jlS' Aj lj( V.Y j V-\ y Aj \J)\y 



(ji(*s—— *■& 1*4* JU&I j 


'i »e 


^ j'o jl —' j^r ^ Xl—Jl>- *>j ^ XlJl>- j\ JL—* & 1 jl-—i *A—L< lC .. .^l>" ci^j ^1 yj <5^ 

! ^y^^ya / jir 4j J' ^£j\ 


3 ^- dp 

j'^' 1 : IP - IP 

'. -Ul> _’i JL— 3y>- *£" l »£ Jlijl j j\£" , j'ly 

jLx. : dw , JQ 
Jl/il: H' u . Q sr 

u/ jir ca>y« r_r_i 

BDC 4 — 7Z)C jl jj'-»...,.,i j jJ a—X* JL—" a 3 3 i J i ""- i J-^dy 
4— BDC w j ^SJj-* JL— ^jL»j LI ■ -X Lj^y* jl£" jL«J i -X S'^a X—5"* y>- 

3 L J_;l_j A ■ '■•■'* ^ did y-^ya L £ 4 4"L-— ^y> x* ■ " • —' (^.^j^j) 4> ^jL x3j>~ TL)C 

p—i jLp . .ij—— y L—I— jj '. ■.. -* jl ijb^—IL 1 g —> I X->jl—&J aS" Xi— " I J 5 y* ^ jlL j | 

: XI—"' jlyi J"' jl C— I xjjS" jly ojLiL-' i _ibS* jj jj & ^jIj^' yi 

XL - . L — L *JT y i «J jlT Jlji—l_^ 
jl <y jlT Jlai'-T 
X—L*—^Ly ^v- ." Jj-'j ai il«y JliJl.l* 
y-'-^Ly ^ Jl ^jL>- **. I*y Jli-1 _1 

S-X/l Xj-Jj^y* ijlj Xl^-J <j 4-S* l^_JJj—)1 ^l*J “S' X-^.,-1—" Jjjl Jj jlijlJ^u>l 

j-Ji . XyX^y. f.- ~- ■■■■•" jl 4-j ^ J - -*-*• " 1 - ^.y- 

j\j _♦ ojlix—i !»-—■■" l _M > " y i 1^jS” Jlijl lS^ ■^••■■■* .,I. j A" 

‘ Jj-i lSJ^ j-ij jl J^" 1 '-•' ■ “^y* »V^I J>T" { ~r~y ^ 


. JL* I «-La1 





a—> j j\ Q j W \j,\ j-j p jj'iiju* J> ! \ 

aS' b l -b y_b> A_i j*Sv\j>- 5 J->- L^—> j - X-bl; p —J^Lp ol j£j aS IL-i.m.' ^jLj 4 JJ.J-* 1 <L~+* 1 

y^>» JL* 4-Jji j\jJLA O j y^> A> yA j .ijL^ *C3 y> j\S <0 t J jIUJL* ibjl yj 

y- —*j w J— S<lS* j^-i. Yy ^ POC aj ^ TDC j! aS j T ..> ^ j^ yS*" 

O'r-^)^^^ 

r-t ju* 

j 0 ;V//\/ JL—* j\ ii . ^jb jly_J TOC khajj* J^-b j-> o/■■—«* 

bj« * bb-*j jvl . JjL. y* jbli J 1 JL—< Co^(_$l yi>-1 L . iJLwjI ♦/• N/7? b^ 

Aj UJ -^ y*A Jl*JL^ jl J-iLa . ^ jLLj yLAlS"* j }S -i? L~_>1 i^., j ^9 <1~S j&- L t^byb Aj 

b^L-*j JL>- a_> b* L. > .-. )I H»..1 p a—> jlbu yJtALS"^ \_» (jlyi>-( C-bp aj jLIj si.««b ojl-iji 

J<) * / * Y/77 A_> Jl—-I A_S^ i ^1 yL>-) . ( ^b»J Usbjli jLlj JCj \ yi) X~MJ 

A — ^ .\..lS j3 . Ju jji sb-^O Aj JJ*> 1 yj bbj Ij JIaIjI . -bli AaJI>- t Jw^yj 0*— 

■ b^y^ O j-^i J ji bj il~UT yj Jl> Tyi 


Jl—tbl ^ly^-l (r < — \ ) AjiV>L4 . Jo*>-Aj 
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Jl <Jjli (JLJLjI ^l—*yf t (£.—1) 4 J 3 I 1 LA Jl Li J V C~!l>- <1 ^ C-Jl>- jl 4 <*£^ 'j> 

'■ C — 1 y)f. Qi j*j-> 

&, = {me (7; - J, )} H(/ = . /a x r/a x (f. - a •) = -^kW 

4l - J 4^t 0 JLi 0 ^*>0 <jjL» (£ — ^ ) <1 sjIj Jl oiLil—tl L j 1 L»- 4j t* jl 4 1 ^1 ^ 

t L d — ^ 1 ^ 1 

(? r , ={i»c(7;-rJ w } = ./>oxT/T(aO“T.)=TYM» r 

q"** j_>- <0 JLxj <lJCJu 4 0 ~**l ^i^LJ tjlijl w> 1 jl 0*-^ ^L*^ 5 T 

77 c \SjJ^ ijLiiil ajjL 4 ^<*£^^** JjlB »1 L . C_~.**>1 o-Li> 

7] c = YTA/yO = AA/TZ 

: L c—t £) lt jl Jlii' i A.I ^Jyl ■ A ^ 

£>„ = ./^xr/a(A -•-? • •)= -r-W 





\ri 


•O i I y oJL-i « jy>- 2 (_fL* / t>.' ^jLLi 4 OjLj jA tjlijl O jll 

•’ ^y. yj '—‘Jy^ 

7, = • /AA-f = %- - — .-. Q'„ = wtkW 

Q, r- 

^Jai ji £? rt -*jLj ^—> tCl-'l) “liajlij j( k_jT Lj »"JjS* 1 *—“L*'-* jl ^J-s 

v-i'y. **-i ^ J^l-O • -L-iij ll. ..',•* JbLj ^^ ^ 1 jl 0-L*> i^j i }jZ* <CJ/ 

C;+wo = ./\4xrA((r,’}.-r.) 

•■• M, ' WC 

L* IJ I A— C»»* >1 J oL* 

. -Lil» t Ja~-y ^lo-LX <iL^i l?^ 4 ^ 


Ub 4J jfc 5 Ub ©a jb t-t-f 

dS^—i 3i -CJ>..on ■_ d 1 jXj ^ILj 4S^ t t/b 

iS^°j-tJ C—jl La <jj j* . J-uS^JL Ij J5" L$jT 1*1 ^ xj*~a ^l*^5* ^■~~. l .....» 

(_£t—A 4JU jA «o) j^j .^j i*yS"" p, " .. —^ 4^. j* l fl A J U*wl l *Ujljj ^>-y 

j\ J 4 *A_1jL; I jii ^jl^* j2> ; J .. * <■■ A <JL *m «0 JL**' L-A> O jA . (^4 j l* j^i 

j?^ a 1 1*1 u j>jj -UaI^>- OL^U^ 4 y\ij . >.1 ■ ^1 Ojtal> ^ jjrflS* - <» 

■ c -“ l r~i. i J^r** ^J 1 ijy, j J** J 1 (jjVjS" ^ 

Ol jj) ^j^-il, : . ♦ j J^~ib <; jU ^t *£ f»- ~— r ^ Jr^" ^'jr! 

jr~y. *-£ * 11 ' i TJ>i J^ a -' .>■» l5j>' • ^*- 1 ' ( ^ ■- . -' 

a_>-1j fclSCj *0 j -L-iL ^L-ijlS^ ^._^ll* 4^ ( <_£ld jijjl) 4j t Ij ^jm 

C-«-.*.j a^_JLj j_a ^1^_j L^jy*l j'V'^ ^ « ■■ » ..> - Sj_*a* |*l>“ sI^aJ ..X-L ^ c 

■ r-" Ji ( 6j ~^ -^y gtb J-n ^ L5^y=* J 

^1^—; IJ dJJ^ ^ Jjj Jj*A ^ ^^ 



J.jl 


S/ kWh >.. ..■ •> - ^_il ^L*j c.. *. » . j j_S"" ^jL .|»~..... 4 ti$Li j_jjljjlolj 

£ ^ 4 LSjy'^ J^- 1 ^ 4 $ j/tc <s Oja jj jj I O-o 4 j iS^y. ■ 

J-; $iH7, iJjj —>1 AjJA _} 4 ^ hn J^-" ( |».- '• * ■■“) J IS” OIpL» jijju jJji -Lili . .. ^ 

: cJ_j jT . cjJ* Ja> ji -uL ij $ / kWh • ■-«- 

= ^^hn^kWh (i-^) 

Aj U j ! C ->| ■ ■■ ’ A— ’ (SPP j ojL_** C- .u 5 " y—■ ij 1—^ j . '.'* ■ ••'1 >," » 4jL~aJ& E 

4 "t/* 4 - , j~ tf csi^-r^" r ; " ~ -" '‘ J ' 5 lSL* ^ iJj' 1 -^' 

A_1 jA il—«.»> /j_j I v_A-L-A «Xj>- . ^J**{J* U-AJ j*J ^ ^ ^ J^P Aj ( ^.>i.m...x J) jlS"") (_£ J^" 

2 j j^• (_gjl J ^ Aj l* j** iS^ji ^o^ jl*j j$*\ L*l 4 Ujj*i ^-^j_/? l£ jl-tS* Aj L* jmtt ^La 
^ -« ^j \—* ^pfT ^».»..».■■■»< J_£\j jljll aS** 4 ^jljS" < s.^*j-" jl-ti* Hjj <1)1 *• j^ 

4 2 j—i^y* (J-A* J i)-**' J aJL* 1 *j* *- j*\l .M jl a 5" j*l^- C^Jtj ^ jS' I —^L^>- *bb Ij ; Jj-ftj 

-Ljt l_7 — 1^1. At oJ^T wLmJ^J ^Laj j ^ j-J>v< ^_‘ fl J^LiL j J JJ J>" Aj C. * «w i 

la it l—«i; xS ij aS^ ( ^lAJJJi*S ,,, jJ^Li (Cartel) ^JJjlS^ 4 <_£jLj 

a—-j ja j l^j 4 c ,.,««.>» ) jIS** jl^ j^ Ij 

A_> 4 jX+ 5 ^ ^ vl-—'i J^j ■ ^J^ A flla' .g Aj j I j 

j~* 1 a j 1 C-'-»JJ 1 jl 4 -J. ^>b C—ilij ySsj ^ b •AjIj C- 3 ^j-- ^jJ^a 5** j \ C..lp 

ij aJ .jJ_ i.nl* oL5^-LJiS^ v_ij— nhx* j <jL 5 ^Ju 5 ^jJjj ^J-*JiL ^bobjl a^IiI 0—*>i 

c-^l 4 ^jJ vl_>*j- «*> 1 >«J Aj . .AllwA 9 J*P j^- jl (JIpj J J^ 

4 ^J^^* oJ-^P ^l^_>-j^-jl 0iLil**l 0^ J-l JJ l^JJ 4 ^ jl^ jl jS j*J^ A-J j^* j^ 

j^ j t 1. ■»■♦ i^'fl .,r^i Vj—*AA ^—■■ — * J^ AL_j ^1 C—J . C—I (jiU^ olS'jjJ JS" <ojl 4, -C_,lj 
J,^*Lj»- (. jLS*J-liS’" J> j..a » |*^ j|-Ui C-ip Aj IfJ v_-i Jj 1 j ^ I^J 1 C~“l j_JJ 

^J-J^J 1—J . JJlS"" OiUl^il {JJ jl 4_—1 J^ a 5* jJ^J-^j” jlS"-ll5^ A>wl) J^ . ^£ 

1" - - * I j Oj J -|J* Aj j jlA 1*1 4 C—1 J J-l5 ^ Aj jji*^ clS^j ji 1^1^-j-- a 5^ ^jl 

■ ■ 5 J-' L y* ^r *^ 4 j JJ J* ijs. 4 —f>- ti ^l lS*^ 




c/tfL- - L/ 


l-l JLc 

• / ♦ T $/kff h jjb Lj *■ JLj p'j Jl V* /. {_£ j^l JUiil j\j \j jl*«j .s 

*) -uS^^a -lJ^j o* * kW j jlS" JL- cL-pL- *1 * * * ^1. j^-*C 

^ C-jj-4>- jI>«j <25kj.s jS*j\^ -Cijj* (i— 


tjJ>/ uJ"H 




J (—ij C-Pj 

(U-i-J j7) s 


J J-Ui l* tJuJ 


mi J Lc j 
(U^f aJjJ) 


Jju 





ji jlltjf Jjux l_£j <*jLLI ll L&i) L^J 4 jVLmJ 4Jj jA jjLilf f-f Jl*» t f-lT J^Ml 

Jlji>l ^Ijj IjA pj? C uk.i 


>JJJ J 1 J—r* '>* ^ v-"' c -'* - j J* tSjj* 'j L ' J r* ^ X 1 

0^ jLj ^-S"l ^ j Vi i JL. SSp J^j '—-L' ^ JL j j i ^ 

.-U^ >_.Lo- lj (_jjlJiT ajL^^-* j* c JjIj l _ r ijl^»l A* /. <. jL«j (_jj^jl ^L».l 


: l C—I y\j> ( £ L Sj^ C-ViL dy\i j\) Q cnmh C^-yM uSjyl tV*'/. (_jjyl Jlijl ojL ji 


\rv 


Jj 1 <j>l* - f 


Vc = ‘ /v = 


o- • 


G 


couth 


••• 4 ,™* = — = vwrkw 
■/v 

! Ij ji ^ ^^5"^liT (£,—^) <Lu1^ jl 


®-ir ~ EhF hrs = VU/r Xf- . .X -/-f = $W>YTY JL-ji 

jm) j j/ jLS - 1 —^ j l wL\_* l^il A 1 /. <o jl^u ^ ^ J JLLijl o i jLi £ 1 


• ^(J-* $W >.'>. < '^ la - 


$/»«■ _ 


0-*x 9- -x ■/•f 

•/A 


— $\A’ * • * JL-jj 




$ m - “$V = $TSTrv JU Jj 


• 4—1 lS^ ^^ ^ 4 ^1 _/_Lj 

^Sjiif .uL.^ jia^=rxY\frr = 

jlT 4j ki^o jm JI/9-1 j' Ji \y ^ <^1^ *f lS^-U. 

. ' 11 ■■ Pk 0>U d\j jS"J - ■_-L* jb li ^J^ JI-UT” 4j U J-* 


c£*oL {&y»f jy ^gjl^Jll* i-f 

p L <,«..» ■* jJ L *£ JLijlj jlS** ^jS ojljji ij -Li y Vl jM *& ^L^-ijjLi 

oVl—*Aiij l J_*» ^i —«j • J *y~y ^.) '^y^t^yy jy *j y j _^-l 0^*1 ^U^S" 

,C—<*' o-l.L ojlj jl_ij 0 — T) jj lSjj-'I -J 4-j ^L *£ jj o-Li 

^ 0 <j'-*^ l—♦Iw" ‘ L?j^ Or^JJ 1 J J^. Jjj <■ y.J Oj^i J- U V' 

ji-S" 4_r Cjjj—s ji'<^ ^ J»!>'-> : -' t _ y -^' Li t ijjU^S' ^ Jj -U J>r3j>- 

^L—- lS'j-^ *£" J ~^' 4j ry ■ ^ Ji’V ls^" J lS ^*£ ^ 'j <J*JJJ 

■ ^ J* b ^ <i 



o'JL- - U/ 


y 3 wjj JoIjm i-f-3 

jbf ji j Cjj jXl_« j_jj j* ii5o Ij j_j> y Jjl o_jjJ j'jj^ 

lJ>T_ . 5 jb 4 — U. .w i *o jLi 44>-^>- j 4 r — j j^IjLf* jia- ^ 4.5 

i ^j ■ » » cJL>- (_$ I j—; jb j jJ _j ■*— .‘'■ ■ M- ».a 4 S" jT 4 j ^35* yj> j> ■y 

4—1 \—Aj.ll I ji ^jLi 4 4 -Iav 4j jl_^p-l OljJjJ J Jyjt^y flj.... ^ jjJL-4 4 j OjLj 

^jy— i? 4j 4 5^-1 43 j 5 05 ^ l .. 5 ' ^$15"* ejljjb ^1— ...» j^4 ^S"T . Jb^^5*^4 jlJ-' ■ * 
4_jl^»- 4_i (jlj-A *—Jj_j— 3 4—| 0jl>j5 jl_jl; 'j j' J P > "' j' '—j'i/_J—IA iA 4jT 

j-b 4_blj jl 43 L_ 4__S" 4^—**I jJ 4-ib . 1!—I / ^b jJ 4 1 .. J tj ^ . 1 . m .... 4 jljj 4 b0 3 ^ J^*aJ 

I—a *Jj s' 1 fbj J -bb yrjy lSJj^I l> ab yyy “-b o-ib tSjjj'. ^yy y\ ^LL 

. j:-...a j 3T L U/ jSb 4 , 

Jjl j^'Li -iJ yy l J-t£j-i y Oij jyy* ^iSvj ^j^Ji Jib ii£j_ 4 ^Jjjb 

J~>. J bjJ JJ-^JT^ '^~‘- l-S'j“! ‘j'j-’LT* 'j 4 j*'-“* lM*" • Ij 4i£-»Lo^4 y 

. jy J^\y^ 4 .sli j jLijL 4^ ^a-j i £jy\ ^ ^jy* ^3 j5 4 

■—-■ 3 £■ 4_j 4 l—4^S** ^Jli.4. ^ 4 j jyy* 4j t^£iyjy ±£jy\ (i — 3r*) <j ^-y L 

y A * % — ^ ^y*<y <,S ^ J Jyj* *y *£ ,^>-y~^yy>- ^5 y >Sy\-*A* .C—“I 

y\j^>~\ 4 S j-A y>j-i b - JjjT C— -5 4 -, lj Q com ^ tS^*^ Cij jT JjL 

»j—^ - 1 —tS'—* ^ '— { j — ’}y. Q, jj — J " y* * —«i iff'— - J —J'bT 4l^_^-^ 

• C -“ l Qcomb ^ 

jyj yA 4 I. **y 4—i 'j^y j^^_i Ijljl j5 . ^^J^~ ^ ^L^JLSw' ^y-y bJy' 

^L-« ^S** ^ jl ^S** d jiUJl I j 0 I 2 lI^j L l ^ 

jJ.;,L.■* jj j—*m c-j! <u d-LX i^s***** j j 

^^ f j 0 ±-^ ^ jl J- 4 ^ J-i' ♦ J -^ 4 c 

• ^ jy3* <$ 

Lj ^ jJ L- 4 JU : . > 1 i ijj—> Y cJLp- <4 ^ cJl^- jl (jL-»^ 4 ^ 1 j$ L 

^ j\±Jl* O^ ^jjT c—4 j l «^j*>lx>-l j *jjj <£jf 0 jl^l 



Jj 1 J-ai 


\r\ 


C5 " i ^jj-i t cJL>- “i-j oJL>- j' JL_*■». iiS* j* ■ -U^j^_ y* JUiil \j*r 3 j>" l ~ -»—* <u l-/ 

'- o i 'j-lj ‘ ijh - 5 'Sj^ ij Q r , ju^i 

U sj»J~0 Jj (j5 j^1 i-i . JjjT C-«i <; l ( JyJA J.i t_yA J ^j>~3J>- J- lS^ 0 i—9*>t»-l) 


1—JLa-jI | wJ j^ . / > *U*i ^S"L^l a .^»l ij^_j-i c j—^ - ^3**iy* 33*3 A ^ *Ol y\ y 

■ ^LT* ***£ 7^ Ql (•“•“■T" uS^J>- 
‘ j!j C-*j j 1 i JLiij Zy- O ^ y y 4_3_jI 0 y^J I 

z(g), K + l(« : %vc = ° 

Q\ + Qm + On + £?r + ^bp = ° : j- 5 j 

U—^ C^jUL-; I-*U W bp j Q h l 0 rt t 0 U Jjljjlj-i c— j\ ^L-al L_, 


«*■>> oV" 



y j C-Jj jjJ’jx jj tSjyl f-^Y* J£ji 




o'l/L- - U/ 


u* 


ji ^/w r 

jiJLi.= fr--. kJ / kg 
jyy (3^”^ ^ 4 sy u>y~ •/• YO w /s’ 

l_,jh N Y kg/m r 

jyy iJsjjj j* lj* (_sUj»= r ACi K 

jyy ^yjy~ Ar^' J " ^St«>=VV^ A 

<k_L^j o_)jj (jU p=\!• \ kJ/kg K 

wW^'/' T te 7 * 

^■>_j-5j—< >—11 ^Uj= YAi) A 

^ jj—i (_sl*.>= yyo A 

j y i 11 > s‘„J i_S ^* ^ = f / Y A/ / A 

^^•^,•5 j jb = T Y • N 

.-uS"^ JL^l ^Lo jL (_ 5l<tLi»l»= • /r m 

jjjy Op j - =Y • • • rev/min 

p-F jb^' A/ 

~ ijjl jLij j - - o yt (S^y. <Sjy^ <J^Iwj 

• -ijjjT ° ^ L> j^V (.5^^ jL*JJ(j yj> 

J> 

: t c—l y\j>' Q com b jyy \ <S^j^ H-V) il *}j jl 

Qcomb = W .fuel CV = r x \x vt- x tr- ■ ■ = K/bkW 

'-i j->)y. Q\ jyy <>. c^-y *£” jA L 

• *y. A*\y- Q com b ^y ±-»y ®- Ll -^y 

&= Qcomb =” /?kW 

\ JjT^* C®<*0 Y Aj ^ i*lJl>- jl aT £? nt ^ j j 1 L oJj- e^->0 (l—"\) aIojIj jl 



Jjl J-“* 


Ul 

£?, r = {mc(r r - 7()} w = >/\Y x f/T x (rro - yao) = '<-/\kfV 

>j —; J J j-iLr; ‘ J J L*-vr *-*-y 

4_;f *^JLs- jl JL^ yij) 2rf J j e - L *^ ^ lS^ j? jj ji' jl * —-I ^-y^^yr 

'. 0-<l j>\y (1-"V) <kjllj jl ( Jjlj jl j*? 1 CJL- 
Qrr = (wc(t> -7’ r )} ex =(/ • yo x \/y + rx \. f xvf-)x vox(vva-ua) 

.’. 0 rT = ''d/f-kW 

: ^y)^bp ur^J>" j J W j'/ ^ _Y > j 1 

rr. x ./r x r 7 i x y-• • 

= -FL2xN rev =-= -y ./\kW 

jj? jlJ—L* ./ai 0 , 1 L jjb jljju j d.^l aJL»j ^ jy y* a 5" jjl^j y ^ 

: l c—I y\y (£-r) iklj jl W ip ^li jl y JLil^ ott ja 

WAXY... 

= -A yNcyc =-= -WA kW 

l L j,.-*1 ^il y Qp j5 ”^ U £ L»j1 (1—1) jl 
Qp -Wp = tv jp - W^p = -YV/A -l-Y./Y) = -V/VkW 
j—OL 1 0_y(j jl —-I Lj . £jL»- ( v, ~' ""- ‘*' Jl £ I j->_j l O -<l L f4^* 

‘ X: - » o - ^** Jjj-*" 1 -> ' 1 ( r^ [L—-r* j' i^rJ>■ l5'-*^” J 1 ^' lSj'-^ 

! L C—-i ^ 1 y> ^£*>■ 4 ^lyjLj 

^{Q)cyc =Qj+Q\ Y + 0YY + (?F =^-’'-/V-W?-V/V = Y./Y AH' 

lob Jlijl jlS* ^»->- j 

sfw'L =^v =-<- A kW 

•'• ’^Q liTC + ~(^ ~)cyc = T 'J1 - J’J' = ° 



- U / 


ur 





J j oV' TV ' f - 


L j>}>> jlujSY*'/ 
W_J I 

ray. 

Jjj* 1 J J iS J »ji 




^LujS ji y c*3j j^j^o <t£j jl jjjl ^ 5 ^ 


. (£— ^ i ) C- .*1 oJui* C_*j Lp j jjli ^jpil 

J L-P^ (^) Cp--»^P J J. i/9 jl 4 j {J^jji\ ^ l 


(~*' y~ <■ >y* 


jl yj> 1 S^iJJ i^Jy' = 


^r" '-r 1 ' J* tijy 1 


£J>- J- 5 ii J jy> 


“v/e/-^- rvt% 

, ■ r./r 

(?u/Q. = — = n/A% 
f-r/f- 

, ■ \b/9 

Qn Qi = — = "/fl% 

9r!9 


^yi,c* ■-iS'L^ia^cl tj» j-o aT iS}j\= Qp jQ; = - = U/>% 

fr/f- 




£/> T • / \ 


= r>/^% 


^comb 

( ki^j) l 5^y ^ —-I ^IIj t^pij^. jy y* l -^i tS^y iji) 

i^j j~>\ j\ V* /. -ui' ijLij j!. -L t xS jlf ^ 1 >\j C-X'j-* jj 

• - 5 y i ^- J Ji-V' -V* tSjy 1 ^ 





ur 


y Jjl J~ai 


>■ \j Ol jl j J—C—■ / J-L-« j2 ^j I £\ 

iSjj^ ^JJ-* V ^—-' *r“ '-'T j- 5 l5j y' j 1 1 -k^- 1 f^ 

jJ—j^» ^jT <k-j S jl—<*-* .C—w-il jj.L jli^l ij^-M*p»J JaJU jT ^L*1 O y^> <uL1» J_Ju* 

, Jtjtjj jy^y j* wr^ 2 -^ *—: ^ 1 ^ jyy ^ ^jL<■ oV. Jj' 

j LftLo (W) JLi* . *y^y \jrsy- ^ j' lS jy l j' * 0 j' 

Oj—a»b.i ^5** ub-* ■ •w-—'i o-L* I C.»-o Aj i^\Ajy+j jy y 4>-^>- j*> JL-** (^L&jLij 

*y*rj >n1—^ ji ••* y l£L*^ ** jyrj^Lo ^jl-^ jl^*l 

O jy~p 0”i^ bb J-JUi ^>- jlij j^j j\JLi Aj 1j jLij ^jjl^S^ Ljc* oi-L> t ijb 

• \J*rjy- j* U tjrjy- j& 


* -; - V/--. ^ w-rfj' W- - 

j' l^>- .j^u- t a^ t u j s^ ois*"j^ u o^Lj oir*i£j 

y- Aj^kfr j*~ ~* tjl*^ ■ ^ ■ * -1 o-ui a^b tjLij (l—' iO) a£ ajjS' ^ I 

■ C$Lr! cT'JJ ^ Ji ^ c ^ 

. Jj-LJ t jlli (jL^jk Lj^ aJ l \ K ~~ J ^ 1 

c->-j—- J—^^ j c^-i ^j'i/ JL^ jjJLi^>- <s^y. Q[ <s^jjj iS^£ 

J> jl ^>u la fl> c ijl^ 2yj*~j jL>« i ji ^j^1 J\jal>l eijL Oy^ • ^ 

I J-^S? Crr'.jy '^i. J j ■ j - j J 1 _j* ^j-’TJ “V JV- J 15 " *y Q C omb 

*0 Ij '—ty j) jJ y 3y- Ajy 4j £ Ju> l*J IVyi j>" I J 3y* ^y 

0^—t ^^y " :'*• ? * jj^l ^ J^* J t J?l— j! 1 ^jj 1 C— S’y- 


jLia lj J-yjy t jLiy t Ij j i xi* o^b j-^ 

^1 • «—>T aj -LJ j jli j~y> j sy^^y t yJajii U-J I y j$ . x£y <tSy ^ 

jL^j jyhajsj ^j 4 j l£^*^ oJjJl^>- Aj j ^t ^5^ jUj oL^a Lj 4 

^ j _—' ^ 1 Ja «*^j ( oJ—i ( J —+£• J* 0i^ L ^ 0jjt 1 

L. ^^ 1 r- fc *' ^ ^ ^—> ji bi I^j . -h I 4; a>XViT j. lad* ji 



o'JU- - U/ 


• . - > . jjj Vl—i i jL*i * jL>u ki^—o jj 45** ^ U I jbb* U jJ t-w ^ jLLa 

^fp S*JJJ *> j'r’ k_-»j t Ji'^bj <• ^^ ^s~*~ ■>?“"■i '*“''■* 

jSLji j ^v*LJt jlx« ^ VL jLls 0-<*—*i j\ iSj^'^* j uj^-j ^ j-^- * ^ a 5~ t ^jb 

• ^lt* ‘°.-^ u " V*< kT^y?" v-r-j -^Lf* iJ f y>" ^ 

4 4_j jj»J w »t j eJjJl5s>- ; < \ f jjy c jI>«j bliKj.5 (^y^i ; ‘^-^ J 4>- ^5**! 

J \ jl j ^jlj A *Lfl 4_I Is—. . T yj A_i JL—- ^ Aj 4 -Ul—A jL jLy»- I—*J jl ^Ja* Aj 

4 -L^.« J—t ^~ L.»«- « ^ jl A J L ^ ^j jJlS" L_» 1 j < ! —»•.j A*_>- j>{ J *>—J 1 L jli»J ^ 4 ^ J**LS* ^TJ^*~ 
i C—-1 jl jj j aIiiIj j Ll5w«Lojr«Jjl a5** Jjo jUU JjL (<>-y>- ^jj1^jL> 

sfe)cyc + ^ V )cyc = ° 

.,g v+ 0 c+ ^ + ^ = o 

Wj j *LL*L j C—-1 ^ ■ " ■.,. -j ..-> jl l 5 ^-^ J*~ Qc 1 jl j* C—aj “^ry ^ 


. -Lil» ^4.* ~bL ,jvA j 1 C—■ *^Ap <& w—•'I , 


\.\ Jfc* 

jj^Ju^sP CjL_p^U?^ 4 “'iS* JIpj jl <J 1 C-^-aS"" t j^'- 1 j j~> 

! sJL—^1 oJj* b l --> yj j O J_^=> Aj 

jU»; JJ J^j Lf *r^ ^• >= ' I ' / ' i ^ W‘ v 

kiSL- JU-j ^j1jia» =ro •. • kjj kg 

J k£Jo Jjb =V * /. 

0?uy <jn j*~ *j '.y ~^ MW 

4j 3 ^ 1A/A j s 

4 JLJ15c^ 4i kgbo =TA» AT 

jl $J-* k—j 1 k£bo # K 
i_r* k_jT a y_ } p =i/Y kj/kg K 
k£ Jy^ ojL =A' /. 



y Jjl j jM - ^ j\J 


Uo 

4^ J-iJ >._ a J <b eJ-i ojl^ Cflj? — ^ * 0 

Arf JJu >w,.i<i.j jl <_£j y\ (Jlijl oJ>jL =^0/. 

4_j Ij ... ^o J-T • £ a jJL-j j C -— ^ *yj* uj^LSJ—(jLi*) 

• -kJJT 





jl L*ijLjllil i (l — V) <Joj1j jl . -L-JLaJ (JC—3^-c jL>u 

Qcomb={ m ) fuel CV =' / '”*™-■ '= W ' W 

: L o-l jjI^j £>, JL- j JZj& ^Ijj i^jyl *V*7. ^jyl Jlol «jJL ^1^ 

0 / =Q C omb^e =A ?/>x./v=f./rW 

: jilyL t o-l Y \/Y AW ^ ^ jl ^>jir 


Wy = -r\/\AW 

L tY .ILj- <l_i \ CJL>- jl t ^ Jj_— *-" 1 ^ k* — y oJL,T 0_— j 4j j_jL ^5” i a JlJISL— j J 

! -U 1 tO— -U (1—*\) Jirlj jl ajlal—I 






U1 


= {mc(7’ T - 7\)} w = yu/a x f/r x (r\- - ya-) = r\ru,/skW 

S*~ ^ sF~* 4 -* 1 ' ^y^~j A A • /. tJLijl iojL L<! 


: L c—( 


S.'S. t/c 


Qc -^-j 


r\rtA/A nru/A 

=-=-= yaujW = rvrW 

7 e - /A 

JUlil oJ jLj ^jt\jt \—J t il.—i \ 4 0 o»L-Is*-^>- *JL. 


■■■ — ** jJ ! 


jljJ 4AJ 


: V *i-^ S"*^ *i ^S 4 lSJj- 1 


= T] e X >.0 = . A6 X \ -15 = ‘\‘Y/voAM^ = -/\MW 

jj jLT JL>- JL-- ( j^rJS^ lS^—* £ JLij( i0—<) jl j _» jJa 

i jl C~»*1 Ol*L *£ JUil j C—<1 i auJl^>- 

^(e)cyc = (?y + 2c = *•* ~ rVT = "/yW 

* L w—-t j}J. (JbuJl 

^(^)ci’c =W T +W F p = ~'t\/\ + -/y = -r\/\MW 

■•• 2 fe )eye +Z{w)cy C =T VY-TVY = 0 

4__S^ V J (^) jly w— 1 jl <Oldll^l lIt Tj 

• ^-—•^ ^^^jr^* dr^ji v -—**■ y* J Aj-iiJ i_.. w jlS"" j** 

2#)cyc rvr 

t] = - 1 - = - = Yf/J 4 /. 

Qcomb +W FP + 

■i5L»-_)-S' j\>« a^j^' '^ij <■ -' j-t ^ »^jl; 

Lk ■■>'. m.0jt i * /. aj -U>J>1^ * -'V/W / J^- O .j Je \j iSj^ J Jlpj ^j 'j j Oj-^* 

J>- ^ l 5 ^ *\ • / bj-i^ VI jiJ ji Jij ^yrj 

^s^-loLi-tt kl~l p aj o^_/• ^ ^jaUs> 

ji I jl ^ y** o-u3lS^>- Jj L i a>-^>- j* .c. ^> olS*'j j-j 

0*i\->- Aj <^_j 1 J I L->*J eJU- jl C JO jS*J* Aj jUj l slsjj+0 4j A^-i^J !>,.»■> ^ 




uv 


Jj’ - f jW't J-®* 


j\ jLj J -*J 4l,.. l p L J J j ^A kjfl-lj 0-Ul5^ ^ jli J >j>\ . J|J«Lj ^ ^ 

• JJJ<y Jt! 

“-i^ v^i ■ s - > '-> ^ ° ~— 1 * Jfjy ^ ZJj*~ ->' (_ri 

4 ^>-~r; <J*JJJ.J^ *•. Oi ,-L ; ->^ j J X f^lr 4 t W-jliu 4iSsj,s <i ojjj jl lM- ■ s > i 

jl 1 ^ 5 -^J j*~ ^9* ’ ■*jl*^i O^*-* y £ f "^f l5^ j* ^ JJ* J^ ^- y * 

X->-L,«.»* 1? *»y *->► j*? J* C^-O <> ( j l aJl>- jlS*" JUlIl jT y 4*Ltf»l . JjL^* olfTj 

Jo J J— ^ — ‘id ft ^o2i jj a 5" <ioL%> J^.>*>- u, .»>■ ^ jlX* jlj> 
jL>ij jL . L it C~>-L-*o . X l ^L* 1 — > 1 xJl>- <1 j J^.laaT jliu j 

jlxJL* <-> jl5*" aS** ^XS"Ij *-a jL . l~ L -» o j\ jJL* 4 ( J-*p to l»»> 

. Col dXo ^jl>* jl 

Jjj r* y. 


j 1 J*)Ji <SJS* 
C^y*i jlj^l ty.jb 
t£j<) i_Cj. j-* 


jt»j olfjj-i .jjifc» >j ju^f fa y. 

jL4u etf Osi jj (jj^it J«sUj jt jjf dJ)M f-\? J5LJj 



^»uy" u<*w / 00 ji (jjy? iJ«5i*j -i-r_r 

s—•< '-iij’^lJ J'- j ^>v: ^-i jl ^ lj-J* Ji-V lX*' 4 ^ 3 * - ) ^‘ 

jjx_ jj J • **■ '•*1 oU^i ailj jlij (i — W) j J -Uj» *iS* £ 

■« 4 {l _ ^) -C_ ; . * . s ~ — wi 1 ui c«mS ^***"yz 

jL5* C«-»^Cp o Lj) -L>-j^-^—• ,n “ ... ^ *■* <OpL*< </j j4 ^ r y «. — * ' a 1 /^ , 




U/ 


UA 


jL-i* j L*o LJ jLjt 4 ^—S"" ^£lo j jUL* oJ-uS*" ^jl*%> 4 Jy*yy^ -)* 

j»)yS -^.<■ -L-^vry L iy^ ->yy ^ ^ 4 y"^ 4r-j ^ 

a_i Lj ^ y^*y* ^3— ;**■'* Lj y& jL*i^ ^ j «■* Jl—• 4 ©jJtSU- jj ^ jLJ 

JL—* 4^^—* J4—•" j-i jS ^\jla tj\ j, . ^y Qc l£^*^ 1 ■*■*^l* 

j jLi^ o-L_uS^ vi!x_j^ Cr ^ 4 1 jl 4 >*j ■* j~* -bU \Sy ^ ^lojj ^y Ja-*^ 

L*/ Jl—Alil Ol J>\ 4j"^T ^A j AI34 ojli i£jfc ^ y y k la>«. ‘* 

-L»Jj-i a-L^S*-ti^—1>- ^l* t a JllS*" . -Lil^* ^laJ i_Jj~& JjU j C~~»\ ^S* 

^L *£ a—> jL—r ,mj y <yyr 4 ^ j*y '*J 4 ^ - ^ CM t£^y * ^y^i^s 4 ^ ^ iy* y* ^ ^ 

J^L" (, iji_S' ljS _. O-LJ^S" _^jw |*r-“ j 1 ^ ur’-V J-iJ* J' ^ 1 ^J 1 - 5 0 C » ( tS^JJj) 

. JLiL i jjL"** - (jjlO jl J^^'j *4^ 4 L» J> ^>1 0^ JJ ^ <Z.mm»S Aj jf . 



is>\*j? v^H / J*^V. c$j>^ J 1 ^ 1 f'W J£-i 

^ « *JL«b-< aj L</ JUiil aS^ C..»*»l -Uj^S "”^4 I^a <» I^a Ij ^’.,**y* a£ ^j»\ C Ip 

ojJL^a^- A_i ■* J4* - 1 ^■- i ^j o-JLi (^5^4J 0 

os j _s' # aWl>*i ij ijT a ^ - > i-j aS" (Jl>»>»j. oy*** 

jj t ,3-* j-; jj b »-tJLS^ ^ t C--I ^Jyk 1 V^, ^ • **£±s* 

. -Uji^ ^Ia^LIi* (J^>*^ j t *T^i— CjI—jA O jj+ 0 j^y 



Jji - f 


J^ **-— 1 4 L«l 4 -ill—a jl jl>u LJL-—*b *JJ* J“* <*la> jl^*« j& 4>- 

«b Lj *j*J> Jj' 0^LJ i< * ■'"■>■'' j xS 'Ij J^IS" * ^-* J*r^ -Ll..«*l ^ 


jLj 4-llS^ iL— 


z(g) cyc+ v( f f) c 


■ ■ Qev + Qc + ^c ° 

>.^...<j t -L-iL t _ r -s-* JjLj j C —-»! oxJLSj*- jl tjijjj ^L* £ Qc 1 C~*^)U- 

■ ^ Ji-V <yrjj>- \S\*f \ b L5 j JJJ aS" ..- - £\j> J\t* ,^y£ 

i-Y JUc 

O/A ^bb"* - 4 —’ jl—5*" ( ^^ ^^a) 

-L-L*L VV kW ji hy*%* 4j i j~* JL**j j\ U Jj tjlilll J*\ . d»**'l 

C. — »* J O 0 JLllS^ jy->1*3 ji ^ j*> 0 L**> 4j IJ jS* jLlljl 4 *A-*b yj Jjl J ^j\i 

*o_^a . j_*iL Vo/. Ji—liii jb ^jb Jj ^ ^y. jyj* • -kjj^ 

o -L-*iL 0 * * * C^pI—*■< / <JL**j ijS*j^-^ A *^ ^ 0 JLh^j jlS*") lSjV 

j^—i^«) ^jl JLJiiJ o jjLji ^—5*I . X jS>^> jh js 0/ ^ y $ / kWh jy ja \jt 1j jJ ^ 

jXJl>- Ai'bfl— (/» : n* z ~ *jSl**) ^jLar Ai^<S> 4 Jjl> 2tjy^J \l. Aj ^ld^L*i jzfu ^ ( i3y^ 


‘ L »JLwil y\y (t—^ ) 4iaj|j 4 JL^L y jx* d^««\jj o^ ijjl ^ 

^(e)cvc + ^)o'c=° 

JL— * ^L«^5" JLiJl j J-XL Q ev y)j* oJ^S’ y>*~>j* * j^* JL-^< aj U J* JIaiII J* \ 

Ojj-^ O O^y ^(1 — \ ) * J* jI j 4 J—iL JJ-**jz*-* ^ JJ J^ J o-Ull^>- ^jr* 


Qev + Qc + W C 



- U/ 


• y\^ 4 C—1 -iS^ j^ili'i (j-ls 

() -\/V + -/A = ° 

•■■ e CT = +-/un' 

(jJ^jl JLilil ajjl jJ . i *sr* Jl—< Aj l*4 C—"I C X* Aff l>- j I Jl 

! la 4 (^) tSjIjS* jl ^ j.-pj \^y. jyy jl^J tVo/. 


Jfc -/A 

= — = —=^ kW 


tie -W 


1 y\y ,}AlaJ^ 4 (1—^) aJsjIj jl 


^/4/?C — ^ hrs $ kWh ~ x A- • • x - / >T _ 

^jl4 il..-*' ^ • /. ^->1 y // t , U*jS"" JULwl J—a-l»- ajjL 4 jyy* p. ' ^. M ...-' jJ ^_*j" L 

: ^£M ajV. ->•>■>* “i O 1 ^ 

W c ./a 

^rw = — = — = -A 


n e 


\ yj jl^> A> $ JD(' A>Vt-** l 5J^" A^jJja ^ (1—^) aJaiIj jl o^ljil^l L 


$= ■/‘i*&-*■•/'*'< = Sat- JL-jj 


: l 4^—1 y\y O jjt, A#^ 


S ^£C ^ARC'*" ot ' _$ ' lT ' 

^—"' JH.' (*-«-• ’“• l JUl^i iS^o vl—i aj J.JJ J_>- 

, -L»L 4j ( (_£jl>- O JA 4^ 


t-A JU* 

lS'j-a ^ ^ j'j-' '-: (J-*^ ^ jl 4 ( \jA Aj \y.) J.\^^S\y ^j\*£ 4_-w 

Lj Ij_a. si_-I VO/. ^<JIj&I ojL j*. ^ 

^La 4_ai>- pj—4--^ jl m r /j ^J» \M"Q kJ / kg K ay.j j \/y kg / m r ^J&>- 

JLoill aijLj a •X-vS ^ 1 C (jjto j j u* «-U^* 



j> Ujl 


\o\ 

Lij-xS* { j-» o*uJL^>- j\ <£ 4 — 1 ^y±s* ^jt* bb** 1 y b L* jS' j-Lit>- i A 1 /. <_£j j l 

.C—*1 «Uj (JjI aS" -uiS^ ji ^ JJLiiJi 

V-“t LSi 1 - 4 ^ <,J ^ 1 c —- 1 • J—i <LJJLj oJjJL^>- <_£l^jl (JLflljl o^jb 

• ^ b £ 

J> 

ji 1 jl L-*JLJDI 4 T cJL»- <uj ^ ^lJL>- j\ c j)j-iS" oJCjS' j Jl aS" 

! Jj 1 il.-> J Aj ( 1 —^ ) A^tj 

{? u = (mc^ - 7^ )} aJr = ■/^x\/rxv--ax(-'f) = -f !9kW 

o Lj . »b\— J-JjC L-.s 4-5"" oJp I4j 1O-'I ( -O ~ 7, } a jp *£ J—5"' “^ry 

*yr» Jl_- iS)j->\ t A>7. ^jy\ JliJl ojjl. jip jj j (g) OOU j_^li &J 1 jlT 

: l o-l y\y Q ev o-u.S' jj 

& v W 

0 ev = — = — - UKkW 
7e •'* 

Jl. — 4_r .X—b^* Oip ^yl4j 4 O — 1 a-b— l-jIj* i/L 4j 45" ; ^1 Jba-I oJjl» 4lJl 

-1 —Li 41 —Ij l -bb l> y~ t }**2 ‘^" 4i 0 iS j* 4 '" 1 J* <Sj^ -bib J J—« 

.J^5" >■ lj aJ-— a^>-J ^[a jS' ij \yJ -b b wbb^4 l^A S^^ 4 ^ 

^f—^y jj—jj* -la_— y W c j —* JL—- 4—1 jL_T 4 V 0 /. JL_ilil aJ jL> Jj 

;b 0-1 y\y W EM 

w c = WEM^e = r x./vo = r -/ibkW 

\ 3yi>(i— ^ ) 4]»jIj 4 O— l J~M <i£y[y'ljAy dj\ jjj\i jlaj Jj jS"\ 

4Q)cyc + 4w)cyc = 0 

jj ij -, ■* <JL—^ jl \^*jS' *■^'* > j} zjy* JL-- A—) L_4^5^ tjL-ijl 

A—i (J^(_y^ b A latlj 4 \V C ^ j 4 

: ^y jiJ ^jy* 



o'SU- - uj 


\or 


Qev + Qc+W c =° 

+ 6/A + Q + T/TA = o Q c = -M-ckW 

■ «*>1p Jj—ls> — ^—■*! i 1? ^ *Lj o_p jj»—• jL-« Jl \S*~3jJ* J !■*■>■ 1 

ot^—«' L_i i A 1 /. !^gjy\ JUz.1 »jJL oxJlS^ lS^S. • '■—■•*‘1 i^y 4 ** j ^ jt-li» _jj jjl Jl — (jjxlijl y 
*—ylj Jlijl (^U J* xSt C~!l»- «j V cJU- jl JL** tj~*J (^) C~*^Ap j y\i Jl 

• Qrf s)s. ^ J 1 ^ i_si'y 


Q rf = a/- ox ./a = 9/fkW 

ojlx o.uJL£>- ji l_j_A 4_> <S C .—^1 j5” 4 JUi* I^Jyl t jx 

<• l ‘ ■ s ^- i ^ J-5 ^ <jU ^— ,| Ji' ) ‘ 

I L il „ .-l ^1 y (^) (jjjl-^ C—4 ^Ap ijjl eJ>ia-^ul li oJjIj 


n = 


Qrf 


f 19 


W EM ' 


r\/rl 


il£—i ijy^A j} ; ; XI ,. w.j 1 • * /. jl j d^jL jjjZ-M.} & c—l jl^-il 

cSjI■*—S’ ft—‘ a J 1 —|J J ^y—‘£ S—*1 t/J Vr-ir*® | ^'j-* p 'H ‘ '-'y*" °- s ->'-l ‘ (ji'-'X 

. c—u coP hp =Y/ir< Y/ir jT jIju. coP hp > 

■X oJLX O-J Ip J ij IjrfJ 4 J <1^ 

ij 4 —\^ JL * ^ ^ jl 0 ^ ^ C - — 4J J 

Ojl—P di jLj tji JJ h’.* 4_> ^jLji ^ v li ■■■* | i O'XSS' j?*-? 


jLJy u/ r/^r ^ yb ^iji -u aT o-uT ^ ^ . c—j 

'I L 5^jy t ^S” aL—j 

mo .>* L ( Al^yb j aj L*^-) ^IsLi jl Xj\ ^U^S** 

^ jj- 4 A-^ (JL-^ <lj 4 7 m > 4 . jjj 5~ C^li j c •X tsS ' i ^a ^LS^ L £ Jx\a/ 

j—» 1 ji'xS - 0*—*1* C ^ (^UUx jJ iS^“^ *jS^ '' 

VLj Lj J ^r» ^Lflt- . jS 1 jT ^Ub^^JjlS^ jI-Uj j2 Xl y 



Jjl jjjli - fjlf*- J-a* 


<Sj j* ^L»jl j C—"1 -^l j 01 *~tj* LI 1 L jL^ j^* 1 j* 1 J lSLj l J _f*~ lSL^S” 

• ^!>• s* Vi t^j'j 5 " 

L ^LjS* J^' V*" S. C ° P fridge ^' J > iv - ^ ^^ vV 1 ^ ^ *^y 

J J I J (_£ J JJJ jL5** 4_S^ |JL. ■■*! 1 J\_j*i»mj jl L*-i> j l lI *1 oXi» oXlS~ J *>w jl 

COP ji J—a.* jIj jLX jJ Jjl 0>li jl oUx*1 L . jS p^***jj jj— 

t ,J—jj XJj»» j_a l O . J -cJlIjJ Oy£ Ij l^JLt^u ijy* d.^i iI^j jl jy> A-iw*A 

.jLl^Jh jl ^>Vlj COP (^IjL l^Jl>t>lJ y" *■■> 


4i«j b ^jlf j* iSljl l-TLl 

c.j —4 x5T xJy j j* *& c«j d^^p~ [j f^yS* ^tjji oL- oL-.^l; 

Ij *£ 4 W-C-i—*■ Aj jA& C^> jlS* 4 a-Li> oL jLU ( t— J* aIT Aj^fT jL*J* 4 C—**l 

. X*Ij «Xi 4jbjiyi OjL j c LfT'J j* j* ^ 4 l 5^ <-il J*\ J* 

* * ^Ij j jLL# L jy*J* ox* jl Xu JL* - c Jx.4 ji 

L-j^aJ L-4^5^ JLbl. ^ 4 j^~ 3^^*~*y 4 JL* - ^ 

u-?.jy*jb jLLj j Uj ji (3^^ *SJJ^ *i ^ w-*)Ij jLij UiiTji jj 

^ ij-^rJs*- j* J J-’.'V J-?jy <-! J'?— L lijy’l ■ *y*u* 

jLli j Lo ji j—>jji t JL— 4 i 0 . 1 LL— 1 Jj— xJjJ ^1^ yjy—jT jJJL>^^»- 

J»j—<» C coo / 0 j»«- LS'^ lS/L-j (^Ljf t aOJlS^ jJ . x£^dS’f tSf+f 

c. — k ->\jij I j x-jIj jLIj JxTyi uiSkj Lj Ji3 o-lT s 1&S -. ji *\ ^ ^ Ji xLi) 

. xL« o"^ j L - tj j Lo Lj ^*^-** 1 ^* f^^s*** Jy^jT 4 ^ J* 4 j jLj L JL- - . 

» ■*-£ j h <j ^ a * j* 4 ^ ji^ j' jdjy Xy ls-^jjj j^" v jL jj~j?^ 

j-t lX lJL>- 4 — Jl— o_j>-1 jS^ J—^ JL- b **~s? Ji 1 • ^y^ij* u?*^ 

t c ,m\ jLjT* 4 0 J_-i 6^td1 JL*^ 4 LJj— 4 j ajlji jj jal jl ^ 

. oiU—I 4 f+J «jiJ (^Lj 5" j ly Ijlj i -— 4< ^jJ* jl VL>-I j J—l lj* Jl— L— I 



— \ j > j £ 


m 



it L Cf&iii* JliiSjl f—1A JXi 

: Oi 1 ^^ ‘ ^ J > ~ >. * . * jljLl 4>" 

ife^+lO^CV’C = ° 

■■■^ + Q C0 0i + \^c =o 

I J—ib LJ -il* -^'—I J C—' (LJ... y jl (j-^r J>- lS'-’X £? t w lS Jj* bb^kt- o A>-y l 

. -Lib ( jjL* -Ail jt-* jb ‘S C—'1 . -- - - .i jl jj>"J j>~ jlS" J 

i-^ JUa 

I j \ • * * kW (J^b* ^S” cjlf 4 4 * i.. i tilCj J-S (_5 JlS* Ol~--b" jJ 

\ ' K. 4_ 1 Ij bjO 1 Jjj LfC_l jl l—>T eXjLX^ ji . JL-X(_y* *—* JL>- jjjb-4jS" Jj .« ji 

.C-lt/X kJ/kg K 'y_j <jl./ j \1 kg/s ^Ijb j -bU Jt yi 

^ *» kW jlj -4 o Jl—< j -Ulb ( j* A" /. (JbLjl sj jb sJjHXij- 

J-.L ’4 xS^ J—<0 Ij obi J3 aT 4 ti-ijjj j'y jXl . Jjb 

? -Ulj»J jJi>- JjlJjS J'jJ 4 *J~ 

- J_j—i,_j4 jj^Lj lXl-i JLpJ C->-_j— -la—4_X - J«U* <1 (^l«jX jS"! 

4 -L-ib V\ * • * kJ / Ag viSbj— (Jlpj jl-lL* J L^*b no/, ^il Jlijl 0 Jjb ^Ijb 

Jli-j i-^.j* J S'\ ? c_-l ob—--b ^ ojjb ? ll-I j-i5»- 


Jjl bytt - f 


j o p) (_£jl>- 4 •pUS^ jIS** JL* i.I .^L* o * * ♦ uL-L' j j—L • / • t $ jkWh 4l£—« 

^ 1 jJlAS^ O Lw^.yW L L* 

-L-a1 j>- jL_JL>- a JL— -L-J_^j LS"*-f! 4 -^L *—1.5 lj ^ 0 /. ^1 JliJl oijL 1 l 

■o JjJi^ c 0>-j • / > T $ j kWh L qL jit** <o Jl^i 1j aJ-i. <-l!^j (31 

* *JJ T ^ 


jl *_^ ^l*j ^ d >-LH£>- <ol>o jj Ja-*jj eJ-i ftc5 ^*£ t (i-1) iklj j) 

! C~ i 4 •Lf' ^***1 Y C-JL>- ^ CJl»- 

2 U = {mc(7’ T -7;)} w = \Txf/rx v = o-f iff 

JL —* la ,My C.—*o jl 4 j—L *r—w 1 ^ lj A* /. jjl JUiiil ajjL fl»uJlSsjj- ^STI 

: <>j^f <i&*- jj 2 coo/ 

a r a-? 

e -'“---"■*"' 

I L vl.-.*! ^jl^j (1— > ) <Jsulj 4 JLiL j~*~* .5^^ Jjl JjjU 1 

2 ( 2 ) 0 *+ *$%* =- 

J ^ Jr^.jy J' ^ jL5" j Qj t jL_T JU- 4j aJj. dib £ _fi\ 

* L j*}j* (^"^) 4 JLili Wq jy M 


Qi+Qcool+ W T+ W C=' 


+ \- f'X- + Wj + \ ■ ■ = O 

:. W T = -?v- kfV 


: jAyL 4 c-l ^ cB 45^1^ jly dy li 4>^0 COO / Ul 


Jl_Pj ia—ft^Li t ^ \ 0 / <Jjj->l J Lilli ft^jL Lj JLij j—*\ 

y)y.Q comb ^ 


= wxMakW 



o'ilU- - U/ 




1 JrS.jy -*iV 1 JUJy j' 'J’rSj*- 

'■ V ^ y)y s("')r-^ kj’tjj*- ^y ‘ -^y^u* b ->y" ./r* 5 " 

l(w') = W T +W C = -vr • + \ • • = -rv • AW' 

; L; ^O—I yLr! Oi 1 >jy { m } fuel JL^j^y*- at* J 1 

f. i @comb 'fi r A/0 , *, , , 

W/w/e = ~~ =-= - / ‘ fA k &!* 

CV rr... 

; Li Q-..- - I 4 (^) ^jljS" O—^Lp o_jiLi jl oj l i '— I Li tj iS^ y L *£ ^yLS" ojjL 

l(w) rv- 

T) = -; v ■ =-= rf/\% 

Q comb ,flrA/0 

l 1j *1 y}y 4“^--— Jlpj jt S> arc ^-iVL— ^ j A 4 (i—^) aJjU— jl 


$ 4RC = E N hrs $ kWh = sc>rh/Ci x 0- • ■ * •/■ r = Swao- JL- j j 

jl ajlg~ ■—t Li WqPJ l 5^-^ 4 -A— Li^O/. jl t^ly (^jyl JLi-l aijLi 

' Jj— ^ 4 ^ i ^jl-i£* O—Vp j_jiL> 

^/z = = rv - x ./ao = rovaAW' 

1—i J— 1 ja . j j— j* a -OfT ijj 4j - /nt $ j kWh L ta A— -U^" ^^i ^"l 

: 1; o-l Jjl^j a-<\) iUj jl »jU—I 


, *a// A Vj*AI* , A =rflV6xa...x.Ar-Sn.v. JL- jj 

a jjLi jl tS^" ^ i iy -l !y tS^y y? V cSjL^" e LS" Jy? i ~^t J* L *£ ei jL; 

^y}-*/1 4j jLiji 4J J^ Oi' Or'>* J, ‘ 1 V -** J '^^ ^yny- J 1 ^ k <sji^ iy ^ 

,j-i jl l j/JyL^ 4 vi—-I j-+£ jji 4 jj—- jIxJ ^ j*~ ^y ^ Jji j jyy l ^ j . ^ 

a-LOS* ^jS <J I Jijjj {Jjyl jl 4^ J lij jl*^x ■ O . - i. i i_j j r' 4> Jjj** ^Jaj jl £jj 

{ j -^»— J J ijr-jJ jl ^ J y^^s* —4 li 4 O - .i-J JL— J-IS" O.le Ai aS^ Jj— ajlj 

jl-i L/ (_JjLT 4-^—i (» ■ *•■ ; •“ OJL>- J^il jJ <r 4 -ij—' j^fi jl ‘S 0 — 1 

tjlj ia a_i I^A jl L»a* L*l 4 ^y ** ——— Jjjj 4 ^jl*L^ *i^*y ^ l - ■ — j -A— AaI 



j Jjl ^j-*i 


X~ . . ^ ^^JL* 1 XjU ^JjIajIS'' jA }j>~J Li ^a^ba ^ l clb-** 

.Xb—A a^j L»j£* JL£b>l <jJ\a (jjljb j J^" ^ 

^jb j\—*? J -J—'S"t^jS - ' j LS" a ^.^Li ^*y (J^*** 4 ^ aXJ\5c>* 0 ^£ 

— jb \_j \£j& Irf.Jy ^ j* - Jjl i ^_jJ- lJuJ^ jau>ui l*jfT 

A.lJi L J^»—» ) jLtk^l C Xi AllS" ^J ’t S 'jJ J jy J* ji S> i^^JJ 0L*A Li— L-J^A jj? y JJj L* 
Ll^-J V . .tfJ il)jX . Ob 4&-jP*- J 4l*w p", ,m..»i OljLp ^jjl4jlS"lJ jj- ^mjJ jJy 

cTJJ 4_» j Lj 0j“^ l—*^5"* J ^-^ur 4 ^ ^» *jcl+*a £b ijjIajIS"' 4 aXJl^>“ 

^i o^-*^ L*l t X—*l £b <^rJJ*~ l - A ^' L^j5^) xT 4 Oi 

j*j *u C—-l oI «w—«*■» i ^jji j jjlX ^^>-j «^b ^J-ix Ja^>t» ^£lo 4^ 0^ ^$to *& 

yj\ jyS* j* i ij~5* j->- jLXj jl j*+£ X^J^X <tS?J j*~ jLii) z jb ^yrj C-j< jLli 

j*-^” lJ 1 ^ eJ j^ -*-> Ji' j' • ^ 0^J,r" j' b ‘^ J jj~ e 

. jjIjU ^.z—-— jh ji «Liil *j jjl t C-^l iS-J"*** Ji <c ~; ^ 


1^*1^ jjti 3 t -^ 1 !^' ji i-i 

4 \J-~£s, i syy * j'y* J* - ** Oi 1 ‘ 

.^u/ 

i s\j>. '•<£ ^b 1 - 3 W-.'^.? —; -> Jb *»brr V J-jj 1 1 

L.jS' J^bi << jijj b ijjj'i ji* jS"' ■ *4^' j»r ^ J^- ** ^S*jjj LSjy 1 ’^ij 

iij\—i j JLj t iwiL mj - <lj .A, 3j*~ lSjO j4rf 0^1 c jli jl 

. JjIj Aa rj> sjlXl^j »J-t ^ j iiS“jjJ <l£j lS- 1 ^! b y^ -AAJb bjS" 

> _ ^a i jja >_j i <& i £\ji I j J-A-* c—«i (j^*-* y, i i -* i j jyy '-^t j - 5 

4r-j ^ b b T trr 1 ‘*> jyy a X L lS }| <0 lj (*.j i 

cC—«u^ j J j C i j J VLa ^l—# j 4j j*Uij CJ.U u I . ^b CJjt yy- ^ J yy- jlS" 

j lj-^-J j*~ ■)* j->j-f cj> 1" j jjX-iUI 4 jL-^ OLm^U’ 

lL fj ^ ^ J**LS* f^*** J^C*^ <* 4j-iiJ y»j yj° XXj- w— Jj* 



oVL- -i.J 


j^_i ^L *£ t JJ"*- 6, j'Ij jK J 3 £ J^* ^ 

* * -, —; 

j->- ^l—o ^Ll- . Lit i $j>-j* oy>+A J-..» J ^S^** &-lJLSs>- i 0 Jj* jJ y> 

ijl^Jp 4 _j 4_S~ OLm^ Aj -> Jj aJL^ojj ^Lo L oX^S ^ -^j^ 4 j-* 

a_j 4^-^J Lj . C—' 'T» —£ ' lij iS' 2 o-sUT—^I 1$j I j\ 1 oJJ^ <l£l>- 

* 

j- 1 -* • kPo Ij Lj ' jA> jlL jI>«j j\-ij l Lo ji a 5* -lo Jl 

; 3 yj J—fbl j>- .i j_>- jJ> jUxi jLLj JJa aS*" lI_^La-« jlx 1*1 LsJL-^l,^y<^ 

• -J—*1^ o>- yyJx>_ Ji OL-i' <s'*J> •■» jl; j Jrijy y>r J j*- o'jj Jr*7~* 

jLi»j j,.— S~\ j £ 11 ij>- j L . j j\z [J a£ ,j; jbO 3 yj^ T* -£ • C ^lo jj aX* t-ilJ 

\ * 1 C- ^Lo L *^ Jljijt <• ^ S ~*Jj^ 

C-X ^ l_^ I ■ II....* 1 -«'>“ . -S^i ft 1 O jS>^^ ^IaJI^Ijj^ ^T aj J1 

fi^jL L-l t J-J^ J 1 

jl aJ— ^_>-j^>- U—..a* j i k _^’j j*~ ^ ^ ^^ \j*i)j*^ OLm.^'Ij jS' 

. Jj jX J Jhlil' • aJ^jI j j} — JJk-ljL jJ) aJIT^-L>- Aj U ^ j^. " .■■- - ■' yljb 

A-liJ iLjJ jL~J jl L jlT JJJji 

A_i . 5yX* J-J JJ J — ^ J> U t Aj jS' Jj^ L - «i5j -5 j5nj ^ jlf ^1J> ^L-/ 0-1 

|». ■.. — j j I J-aj <-5”* — ji—w jl c j jJ y iS^ ji O-.-'l j O^Lp 

j j-r** ■ c — ls - ^y CjL—_» l; ^L-l o-i' ■ J >- i ».sL^I - OS' ^ Js I j «»-j»- 

. Pjj Aj j ft-ll3l^>- ^a i>- I* AlJi L Al— A3^-^>- L ^ JJ* y, O—^ 

^jLOLij j-S'l L*l 4 ij — d$Li_ ^A^jS’ 1 —r-" W^JJ y} 

>SXj* j-*~ C.-X V ^ J - -> 3 • ■ il ^' Jj ' lS"* 1 ^' ^JJ at 1 ‘ - Lil r ; lS^ 

4_, JjL» j J—J^» L_* ^5" • -ijljj (jli*«jlJ jJ <5 £ j A l, — J j\j >m *i jW u~^ L ^J*^*** 

j L>/ ^ --^y u. oS.i 4_f* ijl J—> jJin A laftj Ji _ipl . Jjaj £*J lj j 1 ji? 

Jl—^ ^IaJs>-^U iJjIpL—- ^lj—A j ^\ji \a/ Aj jLJ aS* ^1 (, ^J ^ 

Jj_^?1 J ij-yy* ^^ JjL- j jy* 1 (^jl—^alal ^ /al t C-jL^j . J-Mj 

. ^y*-> J-J^> ij ol^j j L«/ X.••_*?> ^ J. ■*! aij/ ">UlT o*i/L—» jS" 



Jjl - pi**- 


i ^1 i^_. jLj t jjfc jj C--^1 ^_c;ldJL**j ^ U/" ^-W -iSL 

MM h O | ^y « . ■! » jL-S"* *i5^jo jl 'i/j—*** i CjIj^—L 5** «*i^» ^ijj <J^*j j^ y»| vi5^j 

jL> j jj J-Jl* w . : -* ( j J> jLT) i^jL^ j-3 <-•_/-* £ j* ^ ^ c-i 

c< *> d£-i <j-5^-> v ^-- ^li*U . ^y-**^ j—^ JL>-lj i*l ^—* y aS' i C—^1 C-JlS^ 

b sr^ T • 11 k j* <i <■ ^ ^y** 4 J*-^ ^ \jt^A 

(jjlw *^5f j 4 0^i*Jj,*—!f OIpL- jJ OljJ^ ^ ‘--^iJl J ^dilil^l ■. Z* 

<-L-*l 4 Jbjjj jJ ^<*^> J* j'* b °"^*' 

4j j <5^J* .^jta ol j+J* Aj lj i*Lk 

<£'S^ jy^j* , ^- 1 . ^y ^y^s* b v^i •-^'y- jiL-T yjj ,>J J 1 = J ^- 1 ‘ 

S—*i J ^ ^ i^Jy^ i^y ^ <0_^»j jyy ^iSi y LI l iy jlS" <j ( LS *^=’ jis") 

jJbilj jljL. Jj 4_r juT^ c—a * n • AW 7 jr3jt~ l ,jiU / r -—■- *!&, COP =T u ^L. / 

<• 5 jl^ U»iUj ^S - * 4 J jb^ l 5^ J J5j1-U 

ui 1 - 4 ^ ^5-^ aJ j^ j J Vr' r ‘ !■ 6j j^ ^ L**r^ j^" j/j 4 ^ ij*^* 4 iji 1 J ^ ‘ 
o^ *J—j 3 jIj \Sj-* jb^ ^ jO-vs* aS* j j^t^4~ jlT Jl>- L> _ J5* 

4 ^j—S^ jl o^Ia V mI jyy* ***J K ~- ‘*^ j OjLp <> ^ c_-«J ^jjl 

• -Unl>- <->-> ^jj- 4 t^ 1 - 4 J^ 1 — 4 J <Sjy\ ->4y J* j' L* 1 ‘ •5'^ o-Vy* y~r“ c - 41 O^ 44 
.0^1 jl_jl j* Ijii* j Li ^gl* jic^l i ^JL^rjL-j jj^y» 3 yj^ 







tiki* j* iSjyi 


.jb ij ot j'~ ,k " i[ jiy^ ^ ji** j*J* <jji Oj^u tS' iji>- 

j J..l.^ klXj Xj\_-) jb a—* bl jL>^>- jj-Lj ^La-Uj iyi j l-aai Ij ajJQa* tC.,^1 

b—O 4 j Ij Ob^lkl l Jl^l l^j j KvZ~^l AI^j jl l>4^h*j J jj j kl—ij jjl*w 

J-jIj2j kJl. -■< A^* Jjji—-Aa ** j* *■ A—> 0 ^jjb «~ * jlw»i a>- ^5*1 .Jjh^^* 
jL^y>- oj-L* i^La-U^T<lj 4 J m!>»T L>- ^Jj tJLS^ Ij jb jli j>- ^jIaJJ^T 

•■\^ jly ^ Ij Jb- ^ J 1 * 

J> J 4 '-* A*^^ JjI .OjjX jk; jJ ^ ^ Ij iS^j*? *& ^ p~r * 

I a J ^ a^b jlw (0 — ^ ) ( J^-i* J^ A^ AjjS" jUnA uJJS*" { jJ» j* .C-^l jt^>- J j Jj JJ I 

4 B J l. > C-jL>- ^ .» t»g - jj A (.Jb*** >. ■ h* - i^b*** ^j*^l j>" jb j^j k.**> jj jljli I j IaJJj I 



oML-- Ujf 


ur 


-Uj I ^ j ^ cJU- *j ^ cJU- Jt x ojJj -uAjj l» JL— iJ.)i ^j 3 ? lS^ y. 

^ C-JI_ »* y y uL j»- oj-l; I j* JL-» dJ *' J7 ,ja ^ o3(»- z «1 jL_^»- Oj-Ij 

.33 jS"^ C-Jl»- 4 j Z 3 iS^j^T U_jJj I jt ^_yl? _} ^ *> 



a>^> kJo <lT i5^ B JL-wj o.—<» l> jj » A JLy-j Cw«l> jljyxi 1 JiLi 

.iXiT ^ < jie jjlij> J—jJ j* 3<5 (3i 2° j 1 lj 


: c-iy jjj Oj^ <y jlj'cr* b '■^'■f'-iW" J-J 1 


: XZ ^ 


S(0 + ^)cy C =0 

=Z(e + H')jr + s(e + »')z 

:yz tfljj 

Z{Q + w)cycYZ =Z(Q + W)Y + Z(Q + w)z 

O^L* o L j C——I viS*yJL* 'ilb <lajlj + W- 7 )^ ^ C^**i 

jl«5 s 

Z (C + W )cy c xz -'%- {S + ^)cycYZ = ® 


'■Ji^ 


l(Q + w) x =1 {g + w) Y 




nr 


jb jf? jj-A; JAjIji jA jiyl ibb* -|^>0 J«a»> 


y Lj x _lj I jt Jb^ 61 j^- ob j»- oj-^j -jlj 1 jt jl ^a .,—* X ^£? + ) 4 OjLp aj 

'. ..ngb*- ^jIj jj OjLp L.1 t-Lib^y* 0^_/»r jj-b *bj I ji j* jl ) ^jb—■« j_ji» aj .-lS” 1j 
^ yj I <& 4 I—-I ^jj I 4-b I ^ aj £ (Q + W ) LL jb& jl a£* ^Iaj^j ^j lybi * JLS~jbj ij JL*- 

■L1..-I (Jb— Jl C..^U- _^jbj L.I nL-—I W j Q Ojbp ji J—l— aS” -L>- yh Ojbe- 
JA ---j-J> J-»L- J*b-i- ^'-uT ^W jQ Ij-ij (Jj-I J-*I 4J-.I iyrj b 

'J J?>1 I 1 . ♦ (J.^*JI L— .3 yJ (Jjl jjjli A > 1 I " I j.3 aS” C Jb— Ju *ij4- '1. i, J? l>- Ul JU -b ^y* JL*- jl ‘ ~ ■ 

4^jjl yl —j 4*1*—b b«^5* j jbS - * (Jbiljl ib>-1 jb *■ A ^Ijta Jbb aT 4 I—'-I jl^— I ^>L «..■>• 44 I-*—I o-Li 

^JyJ' .LL—I jl Jii~* W j Q Jbb. a£” -LaU <iU ^j yh lj jT ^Ij ji j C—I i^jyl 

:X JLf* b—O Aj ^ -L^lj y U p—Ju jl 4>,J ^fb-b 

l _ f b>^b ^jj-it: LJ (J -A»-lj) 


J 

9 jiJ U^-b ^jyl: U (— -U-lj) 

kg 


-l U = mu aT 


b^-j a_S” ^JL—- jjlj-; Y oJb»- j ^ b-Jb»- ( j —j jljj^* 0 '-Swbijj*/" Jjl jjjli j_y^"l 

:jjjT LL— i Aj ^^yb-b ^jy\ LLI^^-aj" 4 _—9- y 4 -US"^y* (jJa lj jb J>r Oj-H ^ 
Q sy + W^ T = Uy ~b\ = m(u r - K x ) (o-\) 

11 ■ ■ I y lSLj jy jl Ij-J j 44* .. 1 . — I 0 J*i A^a-b** jby^ 1 jj-^J ^j yl aIajI j fb' Aj aJajI j ^jl 

.JL_I C—, A_j 4 A^w Aj f U yti a it Lfll.*’I Li j 0 J-Jj 

jLn >j9^ jJ-J I ji <S tC—^>1 j—*Lii jt a . * (<1 sjIj) .C—'I 

j^L-AUJj t ji A-> byjjA 1^ a» iJpJj-J I C.. ^g U>’ 4fT ^^-4* jijL frbl - .^1 a-Li 

L-al aJ—»t *C_i jLy>“ jj-ij Xj tjj i-L^j ji <Jitt j Jd>- J .A jLp^3|“ 

O tJ—^L- w »jp bl ■ * ji I j JL— w-JL*- ^ ^IaUJj \ ji aJS' |^1 y jl yf- i Jjfc 

(0-Y J^Li) Jjl-b -UjJy £ji AJ J jb’ 



U/ 





^ ^**-*^ Ij j ^ t L y^"*- i L^Jy ^ (^^ 1 ^ ‘^ij^ <S^y 

j —>-y>- j\ Jl>- js ivl—o j^- ,^5* 5 j^s 'w-dp 4 j tJL**' 

.xili (o-V J^-i) l$ jy \ V y)y ^ <Sjj^ ^ y^*. j^ j* 

,y~jLl-»'+ Lj ii J~—> m \ J O 1 OljJ (^5^ ^ ' _C '»& l>- <Sj y\ l *^y J J—’ 1 -UjLa 

ji ^L-Lq . J, jS ^»J ^L^jI C Jtij Sjy> <*J>-Lfc 4j 0 \y*> j J I^\y tl^i^ W iCj ^ Ojl JLil 

jl^-—« o—'I jL j>- jj-k csU-Cj tjl ji jlaj y ^ y lj Q j W 

-LjL-« .A_'-->- .jjj I c. nO O 4 JwAJ^y* *sLJLp- j * 4_s^ ,^iL*J 1 j JL-^> ^ji>-l^ y\ y2>\jL* 

,-Iaj jLiJ 1 j jT j ^llx* <j j ^L>-b yl c_^*^>-l Ij-J y* 5 ^* ,^1 



j iJjy* J ~ai 


o 

o o° o' 

\t/ 


«5 Nt/ 

o o —o — 


*f ty^ isjjjl >JL«*i <Sj„ Lr L>l>i ^jjjl &-T JSJm 

£“* | l o* i o^y? 


■»_>- j -a t C —alj iC—<1 JL* cJU> jl (^jL^*) ^lojl-Xjl l _jb“b i£jj\ jj>- 

JL— (_£l—o 4—S** ^L*j t0' - '*'* ^ m jaI yi i t i.,i ^j^jI jl-lJL* i- i. '- *L yilo t$J_j^X< 

^r-i'yl vr - ^W 1 ^ L *- s o-i'j* 1 ‘JJ Oi 1 J 1 i_r*V _r“* ^ ‘* l i'i L »* ^Jj* 1 

<T ^Uj .^j 1 ^ jj > lj u^.> J** Ji' £*'y ^y (y&*y J ) cSjy' 

ji U1 t-b ^ Jlilll ^ 0^ jl ^»w j JJL-< <j L* J> ijyy i>- y>r 

.ij^> ^j-j !_$-i.. a « ^JSw- i j tSjy' j- 1 i_Ai'j^ oiy^ >—■-‘i i«*i y 

i ‘jj—* ^ l£l*-^l O jjSy -UU- 4>iAv9 jl JL^ ^ L jtU j ijt* l5^ 

_^l - J-i ojl j _jj (T— 0 —Y) 'jt^u j j aS" ijUjk - kl-?" y— * ji ij p^ pjklS^ 

j^l j_> ^_1 p ,_gl jj ^j^jl i _ r jl .Jw-iL Oj-»- C-;U ^''ty? yy lS )y lSj>' lS'j'-* J^r- 

J J-i-V >»r^"'' > lS *i j j* J' 9 ijjjS- i_jb-i o-i-i ^ ^ -U*I5” 

■C.— . 1 ^IojL-- -Li* i^jyl <. l _ s l»-lJ Jjy\ Ji J*)y I JiV ^rwjjil lj JL-< ^L.J 

jXL—j jyy* kl^; l5^*Ij J j jil .-US , Jl^l lSj^ 0^.j w’lyl —•! 

ji ‘lj* vr 1 iJ ~^ij* J 1 ^ ^ jy^* Lj^j J 

■^Lf* ^)y~ ’^y j j 





JLj *^Jo 1^5!^ 03^ L^^ 0 w ^lTff*i 0-^ 

a-£^ ^y ~*j jLS"* jt j— i* L-*i 4-L^^*j jl— ^^ Jboi j jifT as* -b— 4 * 

^jjb-A-XXj I yi ^0 Jmj\ 4_S"* L—*“1 ^ jV jL^ ,^ . — I -A ...I 1 yl 4j 41*—ij 4 Jj I wl_-. - i 4j j l^- 0^-*J 

Q J Vv ^ly— yj J^U-« lyj j t-XJ^— j (.XS" i ^a JL— aS* ^Ly>- Oj*b 

y...L > Ij 0Oj J—^ -Lj I yi 4y^>1j>- o>0 jb>-L- jj yj jt tL-—»1 JL— s^w^L>- __.«>- yj 

JLJ jb_*P 4_jf Ci^i y^0*-U IfcJ^y— O^^y- 4 IJ Oby>" Oj^b 1 J'% jl £yi tyjyjlb tJ ^ L f* 

ji Ob —’ j>~ <i)jX -Lj I yi tC—ib ^><fc>- ji Ob y>- Oj-bi -bb I yi iLL^b jl—J ji 0by3|- Oj-b -bJ t yi 'jl 

• C-jIj b jby>- Oj-Xj Xj l yi j C—b ^lo 

Ji'f LaJ aT w—0 yjbaj 4yJxji b)b^>- Oj-bi -b!j l yi ci^J jb^jl jl^#l 

JJ O“0 J^ t-L-*bO (d£-j jyJ yb ) jb- -L>- Oby>- Oj^bj Xj \ ji Ij JCj 1 yi yj ,ij!i iy>-j jL> c JL—b 

. J—&i wlJL> y».*-l Jjl^U Ob-- 0 ^ ji b -X— b ij>-j^ -Xj b 0by3^- Oj-b -bj 1 yi ^ U^JJ 

-^lT* sj-'JS. Ji 1 0^ 

^X3i — ~ <~* ^jjY cJL>- 4-j ^ cOb_>“ jl <S Jl*—' ^1 j—j iJjl^ - J-bjl 

.XX\f 4lj-lj) J y^jlS" Oby>- Oj-b; Xj\ j* yA Jy. 1 o^jU. Ji 1 

W xr = ww,, = -| pdV - -J mpdv (r-1) 

Q,r = m( ]„ = -1 T dS = -1 mT ds (r-Y) 

Z(e)„.=Z (»'),.=0 (i-i) 

ft, +W'„=t / ,-t / , =m(»,-»,) <»-') 


jbS^ 4—1 t0b;y>- Oj-A-J yj^jjs 


^Uh-bL.1 yl ^ly-J tjjl iJ^bw- 


.-bj i C——“i 4—1 J—Xj \ yi ?^y-J £fcX> 0iJ-*J J' -l*J aS^ 1^1—^I Olp^bUl ^y--Jyj J ^JJ I 
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LI t C- -“1 a-A—* I L — O 4 _j ivLt —j jLj jl jL jjJj -Uj ' yi y L *VL aLL 
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Q«u,* = {w}/„,/ CV = ./r x tv • • = OA- • kJ 
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Q ,r = ™7»r = T(S t - £) = mT(s, - S \) 


(o-v) 


j' iC—-I jl l —o l j*Ju\2 jL^»- jj-Xi (_£lfc-Uj 1 j-^ 
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j'lJJfj* 4-S” lJ-3* ^> «-.' i »« lj 4-»-j*- kl5L) ^ojjL; ^tLTI-U- LaX,T y jjl l^jj uL—*l 
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^TlJL—u c-L^^ vji—f"^>- TDC j-U o o > kJ i 1 j ^jlBDC 
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w—- q^ td^jb O .5 y*j -Lj4^- Ij (JJ-Lj 0J LLjC ^ J j—* ^ -Lj I j jl L^j ^ 
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.v t -A\=c p ln —+c In— (V\r) 

A v , 

Lj ijl-iijj-L-> *1j-* ,J-*LS" jL5" LL^j ^("V- ^ V) j (*V“^ T ) tOV— M 

li . .w^ Lj*- jlJwJL* Lfl_i ^ ^_ / H i J • C-. ■ -*' J~*>* O-Jw f T jb b jJ jj C—jb fcjtajb ^3*- 

(.°j-^j ^LaU^ OjL-i ^ Ja~• jA C - ^gb*^ j-5 jljJLi ^ 

lT^- c -?*b Ji' V } J 1 yi* 5 ^ 4 J R 

l^l 4 JLJjli I j 2j->- l—>■ ^LaC-J -Uj 1 C_—*0 4j yj Jjl j yX* jl 





r«r 


yi~k C—iS ^ji ^ly*- j J-ii -UjT j% l $\y I 4 J - 6 ” J jS ^U*jl Ja ^jj Q j W ^J,\y 

j- 1 ’j- 1 j-* ^j—** ^ jl_^- , l _y* ^ ‘■^— 1 So_jj_j '——<*- j- ^1 ^ 

^ C*»4j Oy»J -1 —j S ^y J^1? I *0 lj jl lITI jIS" 

\-5 1 =w(j T -.y > ) 

(jtfjfAao 'l-t 

- a —^ ^jy JL- o^:> y^ Jr* <S^y ^yM^JJ f j* J-^ j-> 

colfil-^! Ly .Jj'*^' ^ If - ■■■■■ ; »yj l?L £ J-* JJ 1 ^—o <L> iS\y J~*aj j* 

jl ^JLjj'» c(^—1 «>- ta il j) jl Lfl J»-b ^ jj —d yoLJL* jlyj^y* 1*4—blj jjy 1 jl 

^ ^ 1 ^ Cv->r) ^ (vu) i(vu) ^u<JUiij ji oU^j l ij (vv 4*ij) 

y>- w*ly—*-> b -la <3 * 4-^;«._. <?..&>• 1 .J>j>—<a.^ <^1 ll>- j~ju jUj ji ^J-*l£"" 

jyJiu-* O <*lJL>- J-& ji Ij Jj 1U-0 y ■■>.■■ I iyj t-i-^L _^_) J\£\_jil I»i^j i-byjl 

,J>j^ *—■*> l>w« iJJj 1 jj <l£u i ^Jp 1-4j5^ JUbl j jl5** jr^l J 
j 1 jj ^Jl—p- Jli* ^lyi .C-$j5" ylsu jj y 2 —^ yy^*- 4 ^ L» y« C-Jlp* <*L^j jl y ^y* 

Jl^Lj yw b« j I j j l4>4 4 j jir Jy 1 L*1 t-A-^i jlS* <*L^j (_^ly L4.5 ^ jLij 

J t L5^^ ^ y 5 "' Jj Oi' j 1 - 1 —^ 

j—& JwJ ^y l, ‘^-—0 -A_* I vL- •**-> jy 4j[j j j* ' Aj ^|-4lS^ jl^" 

.jb »! — >*». 1 Vf> 1 4 j oly 1 j y ^Li* jyl *“^<oLiu*l -^jy* ^ L ^** *j 


Vi JUo 

.j d OjT...y (JL^j J^lT jl yP 4 j 

/n-r J5^) oi a- 4° ^u^rMPa jUi ^ ^ */«a kg ,^TDC jijj^ 

■I L>ii o-ljj (^Li T DC d.-- ^ y4 jj vj ji.,.^1 (.Jy-i ^-Jj fc » 4 j U ^5" 1 

^ C—' 1 jJui>- tJjL T* * * k° lj jl ^1-4J jS^l t|-*-JLfc yj 1 J-5 



o'iL- - U/ 


T-i 

^ .1 :C~C BDC C—' <o j —-j JLp- l " s J”*' OL^I ^^J^* - 

T« • > k° <u iJ ijLo 1 _y'L-*j |«-~U jj-ij j~S\ ji tC—“I oJ-i oib Oli jbj 

(VI jCiOf -LaI-X^ wJ^_y* 

BDC C— “_, j j—~>_ j ijt- ^ ^j-Z> du U^1 J* 5 

^£jl_^il jl^ ^Jla jtr*J C^li jlS^ t$bo b*1 tXf* C-5"^»- 

(VO j£i) ?CL—1 jJi^ t-bl 
. I «Xj l w—--3 (V T ) Jj J^- jl ojj J ^b*U^T ^ iUU ^1 jJ 



l$U i t^^JLw-o. jfc XX JL^«» pJ^kjl^o £j j& p *JL ft> 4j 1x^5” ^Jj^il Jlxx J ^ — T 

.CaU t Jjj l j3 



t-£j j^j^MOWU Jh V CXfcdWj fdjahjl£x l« £ j jO (^JLto dj lx/ (jijljfil f-f Jlio ; f-f JJLi 

Cob j Lmm 3 jii ^b ^*£ X o 1 j3 


s 

v 





jl? *->u JiLi <; JL«» — 


'I - 6 


lcJl> 

jUjjJ ,*JUW.A kg 
A-KjUjrMPR 
v 11 **» J 



M. 


jj^-JUW-Akg 

T t -T, jL«o 

1 ' t - f v i (**»■ j 



>—kj jjuJ^wj |Oj^yL^o * I ff* 4 j Lo jS —f ^JLJLq 1 9 1 —fa 

C<lL Uj i Ll yZ* jJjl^i 

J 3 * 

•(►ij'" 5 j*-A c5 A ) Jj-^- j' 

l^L' =t-v^7/ kg K° 

U,„ =C,s«J/kgK° 

kL='"'■"**«• 

o dJL>- j \ jLJT j1 ^ L *£ Ij 

l-b \ C-»^^ *0 (1— ^ \ ) a!Oj\j L—>y C~>jy*& | 

{a -a,}, =Jc v ln—+i?ln— 1 

* 1 * V ' I /«.- 

.■. {a,. - a, } fc = r '* \ f In -— = r Aor/r J! kg K° 

A * * 

c -*-’ s)ji <jk>A’ L5**'-> lA'A 

{5, - L = W J T - A \ )};,,=•/* A x 1-^r/r = yta/t J / K 





M 




k-j. L= ^, ln 7 + ^i n 


«iL^I ^ cJl>- j y C_~l L>- tC^L" jLi-3 L *£ *£ 

!Jj 1 2 4^ (*\— \Y) djajlj Ja^^j 4 j jlS"* oJJj j 

*1 


A 


/«■ 


.’. {.v, - .v, } /(i , = a\ In --= TVOA/r J / kg K° 


A- • 

K - ^}/,, = \ m (- s v - )}*,. = • / ■ A x tv&a/t = rA ./v J/K° 

jrr-^ oLJ>l £ C_JL>- j ) tOilj ,jjLo U J* diT 

c^lo (*\— \ \ ) diajlj Ja—O jj~& Jy yty ^ jlS"* 6 yj 

(y f - s \}, = J c.. In — + R In --1 

1 ^ k L 

:. {.v, - A } v =T • w In T = taat/\ JI kg K° 

- s *L = { m (•*» - A\ )L = ■• / ■■ A x rAAT/ \ = rr • 19 J / K 

“j'-fj- 5 h ur^ ^y^s* -> r^* iS iJs - ^ ^ ^ j- 5 

Jjlj^ J ^ ^1^1.,a 9 j J j JL+ j k^?Lj b J b) to*A t ly jl jU-Lilj 

.JC-^ b) bj C J uM 


ijja\s* ^Ubjir 03 ^ £ T-r 

iC-jLj ^L-O c.C-jU' jl—^ ^ ^ty^~ Oj-L> £cJ ai 

O^j—j uJ-iL | -1 ^j ^ C)j^\ .Jj-L i c-Aj y*j y ^ y j OoU j*> 1 

4—> ia^j'jj ^^§sj L>- 1 j (*\ — N T*) U (*\— \ ) J* 5 D “^* I ^-3 4j Jajljj 

j* inI—o 



T *V 


Jtf jl? J£i 4, JU- -pXX Jai 


.a_aS" a 5L*5” ^L*/ p * ^ry J^* ^ ^)jj Ji ' 

^_Jji n i^Ioj jl yj aUL« b ijjl ax 1 yi y aIa ol~x o 

.-LA—* l5Lj y 

JIT jl f a£> j>2 k ^jbj^ Oi^-V AAotf jUi axT ^3 1-f- 1 
!AA-*A y j 4j jl£* y>*^- j jbAi ^Jajlj 4ijby>" ijjAj A^-jj y ^JL XX 1 ji X^j jA 

PV n = AA,b 

jj> Obj y»- 0 j-Lj x_x t yi siSsw y ly lx .-Li» -L®1 j?*- a ib p JuL-a xAjj 0'» x-xb n — * j£ I 

^l_*J j\ XjLj jj J *.‘\ jl .AA——'»1 n = * ^pOi*-LXj b Oby*- UjXj <X5w jyj XX 1 yj X^J. ^XAjIj jbls 

A ».A iXJleJ—i ^yj^jL?- j AX-—>i o A—A oaI A J*a3 j A t jby>- Oj-L> X^v-j j y JL Jayljj 

jl ^ ">* j j_U 4_i l_Jlp 4-5^ JUT jLjf X^J ,Jy ibj^ y/ l ~ >*^ .X X <^At-^ yA ^1 y y\ .XS* 

.XS' ^jA ' <J aI*^) kl£yj_J yj Jj -LA 1 yj 

JIT jlf* vi5j okj>- 03^y xxoti ^>o oxT £ Vf-t 
!-Ly-So yiaj jA jby*- JjXj XSk-jj y Jj XX \ y X^y Jy \J — ^ J jbjA 1 

PV n = ^Ji 

i^jjb JAy5" k— -Jj* b 

P 7 V = L-^b lT = (ol 1 ) 

j J s ~ -j Lj ri > 7 sr ~ bj b)b y>- OjLL -LA 1 ji ^lyjlA . AL. Ajb V C-Jj O l t J-ib n = 00 yS^I 

^L«J j! J -L^ib /I — oO ^y^-j JUl b <-S^ j A . tjb-/y>- Oj-b> a5v-j jyj ^jJj ■AA \ yj 

.xS AA-^J tAA-^l e-LA* aI>*j 1 ^Ay^J L>- LfiT jA <T J-^ai a5wj y Jj -UjIjj 

y_i ^y j ^5^ iAl.. jI yfl.j? y!yj (O —^ X ) <l ^aj^j jA — 00 aaIa jlyi b tJlA* 

AA—vjI A iIj jbAa jA ijby>- A jX -LA 1 yj A^ XAU A—jw?j ^yl ■ A_..j! (O—0 ) ^la.,1 j b)b*-* 

.J_sy >J1 -joJ (O — \ • ) jl _j i 3-i^ jU* ^ A"^” Aj jj Lj> ytaj** 




c/i U. - Uj 


T ♦ A 


JaIT jir cij coi> Lo obj^ 03 *^ tj® vr-r 

i b si — y)y. ^) ^iail j 

PV= mRT 

ib C—-1 -Uajl j 1 cT wjU <jjlo m J15" c^jIj ^j>- y 

PV = c^li-PV' 

tsl—>U» L-O l)b-> O^J— 1 J-—■* i j3 (O— ^ * ) ^L ‘Uiilj b a—#UL* c j£j D •OjLjC' a# 

si!x -—j crk 4 ^ Aj }J ^ -^i' j* J -bib fl — y *&* ^L*j aiJI , si—4 Ob ^>- Oj-b j^J^ yb <jj-Uj I 

J C-jLj j\- m J (jjb-4> JJj \ j3 iJb->- jV-0 b . JlS*' si —*» J co-Li -^b^j l ^j j^jb- b |^>b ■ ■<* * 

v_. Ip I 1 j—i j . J>_b J^-LS" ^LfT JIx^j JL-- aS"* L0>w^ ^4 -j Cf ^ ^*0—> b j>>*>* 

jlS^ Aj J,ir ^Ujl5" b.A9 ^Jy>- aJ^I** £$1^# 

t J—I I *■■!- -O AjJ^ ^ ^ Y ) aJ^Up* Fl = \ ^yj i>- b 

;!j cJL-ibi <^Uo L> OjJ—> -LJJ \ jJ sOx _i W Jlijl a 5^ 0^*l 0_^S""l cj^ - y I b 

.JjjT si—O Aj csl—0 j^"" si^j JL* aS" 

si.—«o a—> (V*— ^) a la»l j la *m y Ojj^a ^ slJl»- A/ ^ sH-Jb^- j\ <Jl—* aT cjlS^ JliJl 


:-u I 


sS 


W )r =- [PdV 


PV= mRT 


:L vl~"l y\y ^ <Jajl_j) sJl—1 L»- <J^U^ j\S" (_$'jj 

P l_S jlj^J U- 1 


mRT dV 
V 


*.-r 

tsi—I*—a -L-l 1 jj Lsf- o i jl R jb_S"* bl-jb J m jir j\ ^ ,S3~**JL* £ J>- y 


-ilj Vb Ak)1j j\ ^jS ijlb y J Jth sl—jb mRT 


V 



T.<\ 




J-jl y ijl—jj-^ to ^%-A «Lj I ji JLilit iS^f. '*- J j\-^ r ^ 1 

.jj-i* ^—^y (^ — ^ Jailj) cJb- J1 L ljIS*" 

jL/- jj-k-; _y JL_» ii5w NEFF (-UjI jt) £ j*> jJ 1 toj">U -o 


■ J j 

Q„+W„=(U,-U,) 

iLo tJ-i*L Lo ^a JJj i j* t/=o(r). cv-r iLij) Jjj j>i» ji 

NEFF (ojT_ / i) jl jlL ^y\jAij 

Q„ = -W„ =rn RT In— (VU) 

Y \ 

l jAj* jjjj jl uLi^>- uj-^ J-j l j* j\S** <i£j jS" JUtol t j <j 

jir 


^joir jif 1 vi3u ooi? oijJy i-r-i 

tX C-M>- 4 j ^ CJl>- Jl j^j*p J^ jr* ^ -UiS'" \j&j* 

ojIj J 4j (*\—^) <lajlj 


• p r . v t 
^-5, =c In—H-c In — 
A v, 


* Li C —* 1 yilyj 4 S* — S) tJ-ili (i^£w J JJ ’ji \) OjIj i *111 1 j* jS^i 


•=ln —+ — In — 

A A v , 


•=ln—+^ In — 
A v, 


• (*iJ^ C\ — \ 0 ) j Jl jSij b*- ^ 


.'. '=ln 


AA 

Av/ 


- Ui L y* <SJ$ 


p vj - py* - *—wij 


(vis) 



w/tfL- - i.J 


p r v/ = Ps K r = -X o-n) 

jj J_i -L-J I j > iOjLj -— 1 ^ 1 0^^^“ I y* **-^i '■“■*j^* ^ 

J- - * L aS" jlyr OjX d£-j_>j' j dl—-l rt —X V j^yr 

Jajljj 4 d»ijfly jJ .Xili J-*^ jlS** d£j Jt—*■ aS*" ^jl*J L$ 1 j 4 lJl ‘XTX^w.T iXlaX^ l»- 

jyS.K* j-j XlX C. JS jL—i> Li jjX d.-XS*'jL XJ l j XJ i yi d£j j 0 ~ \ o) 

,d...-*i oXX Jlfcpl ^ j V -lajljX j 4 . >w j (^~^V") ^laulj jl J .XI—Jfc 


Joir jlF dJu uk^ <J 3 >-V d^Ai ^y XjT £ vr-o 

X dJ\— p- j ^ dJL>- dil-jj j-j .^-L OjX_» XX I j* ^j—? (O— ^ • ) 4_la»lj 


*1 XjjL>p 


py:=py: 

^15" Jl£" OJL>- (^—T ) _j (O— ^ • ) Jajljj t— . j T y Jl 

pj\ p,_\\ p,\\ P'\\ 


mZ T, mT. Z 


rxT^ c—o ^ J-IS” jlS" ^1^ yj J»l_jj 


(vw) 


rp f/ >-n 

T n /u 1/ v 

— = , ,, =^-=-— (VW) 

7 ; A <"-% f;- v;- n 

Jj*L5^ JLS* d£j ^S*" XJ l^i j* ^ 0^—W) aJa/1 j 

Xj jjXj X-jLj jLdj XJj \ j) j* i^j» t 4^Jj id—*1 yX* ;X£* ^ J-a-P X J ^ xJl>- 

_ (jLj j>- jjXj <XjI—j j XjT j) jfk j - /? — co . jl^- o_jX vX*j1j Xj iyi jA j l n= * 

j T s*’\ cJL_>- j.> .c—- l - H — y - jtjjX c-jli Xj 1 j* j - n=) 

J j*J. j? ^jX j I ji d^j Alajij jjj 1 

pV r = c-C 



jlf _S^ JSLi t, JL- J-ai 


j'j jlj j>- ^L*JLjT ji jl y ^Ap-u jj ^JaJ j ,<L—-I oX«T C—o 4j Jaj l^i jL-a jj 

-LL 1 L £ JUilil j jlS* L.» — I ^l 1 o!j y *'- ' ■" ■ J a * j! ---» ^ ~■" *■ ^ J-^aa 

:L •Xjyjjj tJ_j-*j L^-j jj iaJjj jl sjU^-I L Ij J-IS” jLS" »l^ r *j» 41 jL jr- o_jJj 

^ = _«(p,v r -/J,v,} 


(0-U) 


=»(«, -W,)-^„ 

jlf ^ j 

Q, x = mc v {T, - 7;)- tt-u) 

n= ^ cC^jLj J .-J I /t = qo jLij Ji j I ^ ^ 

j (*\— \A) j (o~-^ Y) <1jj ..ai^L duU ^ i -Uj I j* jj fi ~ y j c^jIj Lo jj->T 

. «Ui —.» ^UT ^>. C^ — W) U (%- 0 ) Ja^jj J f 

t (0 — ^ Y) m 1 * 1)1 j ji n= ^ -Uj 1 ^* 1 Ss 1 a <j£j l> 

Oj-i o^Lai^i (*\— M) ^JajIj jl IS d-^-l } «Aj I ^*j vJ!_-^ 4^ i_j| 

I y Jl L$ljt V ’^ -rl (^-*0 

.C . ^ 1 ft-ti 4^b olw JIT Oj-^j y Jj 

j jL-li 4_S^ ^L*j *5LU <.J~ i»L n jl aT *JZ y 1 j 

j-Jfc <_ “tr'* j>j\S 0>l4a ,m\ iJyS'\ m Ji l^wi Ut 1 jil J* jlT 

.c—' 4^j isi—l C->J jj^sr^ k J^s.) jjy **-s? ^ 



L./ 


YU 


jLwi 

■* A 



aOuU (Cyl> jluj jJj 1 ji a £ ^j-LoLT jlf uum> jUj jl^J5 Lmi 

.Jytf ^ (jJe lj C»jU JujI j 3 3 C*;li Loi 


Vo JU« 

<j^\ —- i&Jj^>\ jTojji *9~j^ ^Li y Oil j cJj j“^r - jyy 

j—>) y, \f-p } /; ‘■—-^—j jL_i» jj jl oj— i_j ^La £ j X. -^1 o-L-i .j*9jj JL^ 5 ‘ JL-" -^y-^ 

& C—il oXl <j £ jlaj jJ p-lfc “/' * o kg aJ jtj’ .a 4a JyJ* fjtj .Xila^ AY M” 

aJIj ji aJ y* y ' & 4»- kl5o jj^5" J>15" jJ ^iJ jL_^- j_}X X XS *jL -Ua I ^jHa C-**! 

ojIj jl^i Oj_^ 

<” ■- -‘ ^ L Y* 1 * IC° (^LaJ jY * * kPS jl-li j-i La J pj* ^£*\y |Y C-Jl^ At Y XJL- - s^JdJl 

. A 

1 v, • ^j/fcg <■—■jIj ^ j* ^La £ T iXJU- 4a Y xJU- _ <_j 


T^OiJ 


L" Uj |*> J»L*J :i xJL>- 4a Y* cJL- - j 


• 4aJjl cJL- 4a *J> ~^a la kXila |a->'>- ji La^S* ^i.3 I Y X-)L- 4a 1 i«LJL- - i 



j\£ X ( J£-i At ~ 


T\r 


i4_>-jt .'-.» j Uo y_y, m .it t-L-ifT* ^ j s^., ...>- jLLj jl jj^i il^j l> **->r 

( J-£ ,r ul-^Jjlj j ^ CJL*- o t slJL^ jl ^vi J* j>~ Ja^^J ©-Li jJ^ o\j? 

uz*^ 'j jyy 

J* 

oli (VV) *X ji a —>*>• '. — ■■' > - ^ A ft jlLl jl ^OJ y0 <J t»-Ui 

:L c-l ^1 i/VU jl {/?}„, j\f ol‘ d Jj^ojj l ^ ^ »>\* 

{r-L ='/•«% K 

»■>!.» jt_j Oj_j^ Al' (A—M <lailj ]a**y jc v |^ (i ^I-jIj |»JK>- J* a jtJ lS^j^ 

k'~ c -L={^L 

••• kL =m\r-v-v\=r/\M k y kg K o 



jToJjl J> L-S.J J*> ^M»*»**^ j) J L .W jLlj jb^AJ P — A <Jlio t V 

^{3^ Culfcf jl XjT j3 J<ottf 


W„ {v-L _KL >.l 
)K !,. KL fK L KL 



oVL-- L./ 


TU 

jl 4 ll .J J -—- £ jIj $ j* tY <» \ dJl>- jl vI**S" j*- j} 

: pi JJ 

{T,L={TX=r..K° 

l Ol—T ) *Uaj| j jl 0* y jS 4j L 

1p. v .L (p- v -L 

W,» M,,„ 

{pt}/, ( . = ax\xv s =axv“ Pa 

j Wu jL^ tJlijl 10,-^1 j y jjC-..tiTjL j uj-Jj t-U^_ l aS"" l>- o 1 Jl 

* JJ^jLOl— ^ 1) ^Lulj Jau^jj -j-i _ Q^y !•* 

K ] N 

mRT. In — > = -/-*Axr-v < \xr-*ln — = -?/&& 

v J„, 

ojlj <S^* J ^ cJU- <» ^ wlJl>- jl ^j>lyL 

Lo ol j -*-& UUjJLj j-j C- — Z . S ' jI_j j Olj -XJj 1 V 4j T jl 

^_j1 y yi — co L, (0—\T) 4^ajlj jl ojLi^l L W Tr jl5^ iJU£j oT ^1 y nl.^i L* y* 

+m*kJ/kg jAj>Qxr\*f JUiiljC-lW Tr =‘ 

i Jb 1 si—«0 Oj^p 4j 0\—)A) jl <£*" L>.^-..i-<ljlja Ij L*^liljil l^j 

a, -?;)}*-0^ 

.'. wf-x\. r x./..fi = ./..oxn\'f({7;} fa , -r*.) 

-U^Ty ^ ■•JjJ C--J <t J* *£ <1—«' {^r }/„, 

o!Lp- <-bU* jLT ^ L; .C—-I \V y = {^y" )/jg jk j <**?*- ‘ j^.^r 

: r jb 01-T ifcij) 

K^rL = >P'K },,, 

KL W fc 

( n i AX\ . a xA^0/r i „ 

••• rr } lK = -= W> x N - 4 Pa 

r ♦ • 






k-lJl—>- <—> T . Jj \ ^ Apt-jp* j j ^ Lft ■*■ jj a^T ul--»J jLLj ^,.t.,..i |/? r 

Qrt jLS** JLi^l 01 tS^j-t 4 —^ sA ^J j*-* -tJ I J^j 1 

'.Ju 1 ^4 vl«**o Aj (^— ^ 1) <Uajlj Ja ^y 

\ V 1 

Q„ = -W rf = < mRT r x In — > = ♦/♦*6 x y x AfA/Yln a = +\h/skj 

K V ^ J he 

^r-i'j*’ -> ^^3^ J 1 - 5 " ‘j-rt-H j 1 ? J j>-H csL*-U> -Uj_T Jt jA ^Ja }J j>\ jl 

■ j J Ij *3*73 \*£ 

'Sj*'i* -iV 3 ijL j>? <jj-^ ^ j* ^ CJl>- 4 j 1 j+* 

j->\y djLij^ /? = 00 *j^^S" ^ ^ (O— ^ Y ) <Uajlj Jsl~ujj Wi\ 01 

! L Jj^i»^4 ("1— ^A) <dajlj jl Qtr JLijl j C-~»»l yUtP 

Q„=(i>ic,iT, -T,)L-W„ 

XiL< lj Q\£ JL» C*Jl-^- 4 —IjIa* j\ lj <J y^—Py* ^l^Lo C.-^i 

j j ^^JLs*- jLT (JL-fli/t 4-iT" w——O j y-+& j ^ ^“! J 4 ^JJ ^ | ^- 1 ■* > ^ ^ (y~y) *Xj l _^> 

£.*>*jL y Oj^j JUi l j-^ jj lfcjl!>* (JLflSji t> j>\y ^(py j a>~ jpy 

IW, = ^ + f^ Yr + W rT + f^ n = +f/0 + • - \A/V + * = -N Y/yAJ : 

j>j_s^-j tJ_lS"^ jLjj j j^J j* ^ a 5^ jl ^^aJl>- ^>-jj>" jl5^ t*l 

■^’aEW, jy^ j>- <j'y j'^' j a * • ^yr y"' ■ j j Ij 

^(ff) m . = \Y/Yxr. = -mife»' 

(i _ ^ Alajlj) v!^£«LjO<Jj 1 ijjjlj jl 

E(e),„= -I («').„. = +W/Y kJ 

Uj*X —* ^LaJp*j i jh j\ y - 9y**y* Lj j>} j> t jS“ 

: l‘- La ' :i l r* J^-*^ b ^ t '^~-*' y.*H 3 

'Yj{Q\ye ~ Qt + Qrr + S-f + ( 2 n 

YY/T = -p/(5 + \Vf-.X./. .6 + \A/V + 0 t , 

•’■ Q„ = -MAkJ 



o'JU-- u/ 


m 


^L_a jjC.^5*~JL j OjIj ”^*i ^tiisj iiJJ^iJji**l *2*-j2*- 

d« jL j ijLj^>- Oj^j *Xj 1 ^Ia^S"* 0X*jfc j*}j*. 

J-*— 7 * JLLJl ^ Oj^? <j <>“^>- ^LJ ^ jy y* ‘^t ^i'j c^*>i 

-Cj I ^ JL~> *£> jyl jjjja <j «jj< ^Ia^S"* ^jjI ^ - j j ,j 

.J^I^^a jUJl ^1? Ij £ C-J^- ^ V *j_Jl^- jl 

o J>!^ j 4. la^lj ^jl-XfT C—0^^ jl o ^Lal^l L t IJ Ia J) o^i jL ^y I^Lj 


n 


_ !>) ,„ = w , 


: -^ur* 

W\% 

&t WV 

^wL-^l j_j ^Lj* jyy* *J 1 «^Aj l C_J ^jt,j tC—-^Vl> jI — .j 40 jL jyl 

jl .J Lj J J ■ ^jA JrM ijl j ->-1 ^bhfcjl *5"' <Z~>- y* J -UiiT ^jA >wCiJ J^**'l J I oJjl 

__ t ‘ ^ 

lI^L.) L_» 1 ^g X^ P «J>jL s j-*lJ L^jaIa 14. ' ^^-*** 

J? J* *S C -1 ^J'iSsJ-A 1*jT 1 - - c* /y j" - ^ a .C. ■■*■! <U«<j Iaa Jjli 0-y>- 

.Jjb JiJ»-_J ^JiLalil ^l*^S" J J_. 


.VI Jlto 

y y—~* o>-U> J y ^ J i o-Lil ^-js^ jj -Xj L ^glJLf T j '*X-Jj jJkJLw* jy y* 

j—;*^ (^)oir jL-f 'V 1 —’ j'J-^* J ^J—-^j* y>J—* ^ ^ j| J* y* ijj-* Jy- 

'^ur* vu /4^ a: jJ - 1 ^ ( c >-)«r s V L - : r^ J - > S ^ J j i rAV /g k 
jj jl,r* J-iT jj ij yj j^_j=r jj^i ji-H '^ s '■AiJ ji jl+»- ■/• *okg ly> 

^s >j ^_>t>- j W * kP& ^-Jjl j L. tj '•X^i jl j ^:Y <i \ C-JU^ - i^JaJl 

oMPa jAj. ^ jUi to . Mr ™y 

ji i 4_Jjl jI-L_5a 1 y * /Y ^jI_aj Lj L jLXj J^Lw^i :f 4j Y vJ_Jl^- _ ^ 


.^^j-^gA y oJi^- 






J 2 ^>4—iji jia_fl^ ^ 


~*}j\ <-S^ ls ^^"*J ^ jj^ ( ^-> J^L-**-jl *i C-JL>- <lj V* cJL>- - ^ 


*-X \ C-Jl>- 


.aJjI **lJl»- <i /ji«!L5 *ji U" C-jC ^ ^ tA^5 ,,, C-Jl>- 4 ^ 1 C-Jl>- - ^ 

jlj-' •■■l- : ' - S ' |»—-j O' »7ij! (*■»*»- >-■■■’■ ' j>. cSjJ I j o- y»- 

.0 7 i' 'j «»-_/»- ajJL. j (jrfsJU- ijU^ JL*i' 


tjLJJ 0V—A) i* j*—* ■■■ > - jj i^A jLLa O jy*t> <i a-ui *<j -f' 

j~lj \ 1 jjj —0 4_< ) 4_lajl j jc p j l_jA (j $\jt J^jU jLU J3 9 jiJ <_jU.0*“l a_Li a jta 


k- c vl,={^L 

.■.\c p l =TAV + V\A = \--bJ/kgK 

a - s * J '- J J }~P Ji' <! (V) 1 ) /o^y \/}uir a ji-> l £' a '-*£ C-;—‘ 

h,=H"=— =VT 

{C v \ Y > A 

v v )n{r 

ijLj OjJLj (C^jLj J jli -UjT y V cjl>- ^ CJl»- 

l*ji Cl-^O) ilajlj Jau-»_jT {v t j^ r t T CJI>- ,v --'* 

{^ v " 1, = {px L 


■•■ k L =$-, 


'/V L v vt x-/Ar 


ip. r L 


t-;- = -/-b\m r /kg 

X/t 



oVL- - U/ 


T \ A 



jT«ajl ^>-u~**> jj JL«« jLLj jb^joj JLU ; 9-K JiLi 

J-*J IjJ 




>ir jlf Si js^ *t JL- -pLi 


j~^y. ' * —* i j** 4 Qu C-»L? -ai^T y* j-i U^5*" JliJl 

. J0^^--*^ (*^ — \ A) <Jail j jl o Jslijwjl L I j j l ^5** ^->1 Q ix = * ^y 

fir = mc v (r T - 7;)- ^ T = mc,fc-?;) + feMi 

w 

! L ft— \ j) C-Jl^- Jl ^j^Ssjla^ L> 


fir = mcXT, ~Tj+ mR ^JLl = m (r-l 


c r ~ c v ~ R 

( c \ 

:.c y - L -\ =R 
\ C '- j 

:.c v {y-\)=R 


v s ~r) 

: ^b (VI.) j (VM jl Uf 


• (^.j '- 5 Q't j - 5 ^rij^i^r V 


& t =m(7;-7;)[—+ —1 = 0 

\r-' wJ 


L" iC —-I j 


* JL» JL 


J^\ Ul dS 


4j Y 


JJ Ot' J 1 


J o *-i> ^ C— 


{p< L = {Pr L = 6 MPa = 6 • X \ * a Pa 

K L = ■ ■ /Y k L = • /r x ./Ar = • /\ tt m ! kg 

4j ft—^ la~*y {7^, \air ^ J^ <Jjlo 

{p^L={KT.l r 


■■■{T, L = 


ax > • x ./\^ 


= wrK s 


l_i (O— ^ Y ) J -La -y yf J -J jj 'I ...S' JL JL^>- j_J Jb OjU jLli Jj T jt Ji jlS" JliLjl 

: t si_-l ^ n=* 

= -{mp,(v r - v t )L = -•/• -axa- x\ ‘ x (-/\?9 - ./-a\)= -r /\kJ 




U/ 


! jCl—M) j Q Tr ^3^ vl—*i-5"jL l)j^-» v1-»1j jLU Jlj 1 jj jj L *£ JUuIl 

Q„ = {mc,(T,-T,)l„-W„ 

- -/-Ax VNAx(yA^V-AM/(^)+Y/^xN . r => *ifc7 
p—4 l)T j* 45" C-^-l ^ 0^^^ jjX ^ ^ **^ ^ J* L -^i ^ ^ ^ cjl>- 

■ O^i^i ^ ^ ^—-ji-Li* Ij 1j> 

kL = Wir ='I* mi kg 


{pX L = {pX i 

f 1 D-XN." 

•'• iaL =—- 


: (l-'o) ^}j -1 {p r }„„. d cJb- Ji jli* 


D-XN-" X-/\ff 


= Ci/TiXN-^a 


.' L C—t jJjt (*\-Y “dajlj) CJb- JjUj« ]o*a y {r f j u)( . il C JU - jJ IjA 

{p T n L={*?; L, 

f_ ) £>/YflX V 5 x-/Ar 

.■.{71 --= \a\A/rA: 0 

YAV 

<-> i ft — y L {0 — Y Y ) ]a-^ W oL j>- Oj ji> I tijT jt ji (Jliit^ 


!m(p,v , - p.iy)}, 

I'-rL 


■^lt* »jb 


rT , ./..Ax\. J x((VY£>X./Ar-<}.X./\f?) 

,\ W r , --^---- = -f a k.] 

\-\rt 


jjLj i.C — *1 j -k- s ? <3?^ ‘-Qri ‘-Uj T^j jj 1*^5" 

jLml ^iALS ,,, Lj jL C-L5" j\j 0^^>" vl-rflj ^ 1 . J^irL^y4 Qri = * 

.wL-i -A_aI^ ai- W^ = * c»L-^L^y< j -iL-10 W — CO l (0— > T ) *\d\j Ji tyf ^ jl5" (JIaIjI 

: L c-1 y\y t C\-U) A^\j jl Q n u/ JLti 
0,, = {mc v (T, -T ,)} jjr + W, s = ./. .(2X VYA x(yaVY -MiNA/r)= -f/fkJ 
jL<j>- jjJ-j -1_1 j 1 ji j_* jLiil j-tl y {\V ) ^ j\ jj.aJLj- jlS^ Jlaijl 

• <ji^y}~ j . ti, - , - j ^ ji\ ju 



j\£ «_5sj JSw Aj Jl— — ^ L - 


^(^F) ir . = + fV rr + + ^ Tv = +Y/T - Y/^ - YM+ = -Cs/ 9 kJ 

'• k yjy y'fa ) v yrj>- y y ‘-r J y r ' “^y X 1 

XM:>< = Xr - = -° /fxr ' = -^ AkW 

4Jjj1j ^aiL>- jLJT JLial (£.—\ <dajlj) vI^^Ljo ja j Jjl jyli J1 

: -Lil ^ y\y ill J-> X(^)nc J 1 *' 1 J X(^)cu 

Z(^)n, = G, + Or + Gt + a, =• + ' *' * + - T/t ■= Ci/9kJ 

(JLaijl C.-J 7] ^ c5i^*ojL j Jjjta Q.,fltlLu L 

La t-i—(Y—V*) C-wi*^jLi Oj*L» -La I tC^—*»l o-Li j ^[ajS* aj ^aJl>- jlS - * 

' (^) >S C-^^Lp 0>U <J3j jlS"" 4 j 

„=M. = “=« 

e„ '•/• 

*“ " ^JL ^LaXj 1 jj l^j j j^j 0-5 j^ <j*J 

^j_j>*La jL£* 4—> 1^ 1>-^ (jl1 Lj i^La jyjA .J-^<Li^4 

^ ^ Jel> j3 Jlo-bl <> \ J ^ 

p—«*- ^ u y J ^J^cy 4 jL^i j-5 

1J •L_ii^>- 4_> jLj 4_S*" d -^ /• c>L*J ]o-My .33 £^a 

/.l * 4_» <^^_i 3y ^ L*jL*Xl j J 3j~$‘ l ^A .1 Ljbjjj JA jl—*jipl eL-LLi A **y> jl i-UfT ^A 


w JUL. 

tI t^JlaJujI *>p~ y>^ y y 5 j ^yy ,mtm i’! t j*^*^* - jy C «*<! 


/ kg K * 


J )y. (ft)air ^ '-^ L: i yr* y J y 


y.-H j 1 -; ‘*y ' V ' ,A /fa is y)y. ( c v )™- 4 >.J 


• y b yj oky y?- 1 ! 





j ,/A in / kg Cj—'j p —*j ^ * kPa 4—Jj! jl — L. ^j—i ^5"*!^ cJl>- _ -wjJl 

-■ > b L er* °-b'^ b C-—i A d~—J 

.-d-y Y ♦ * « K° 4j I^A ^ d-olj ^>*>- ^ yd ^ 'dJl>- ^J ^ <dJl>- - v^J 


o \ dJl>- O . JjIaJ 


^r*'VJ J 1 ^ ° L5^J ^ JJ- 5 ^ 


J?L*wi \i. dJl>- 4j Y dJl>-- 


.aJj! dJl>- 4j j-u^j Ij d*jlj ^>*>- jtd* ^dAlS"* <dJl>- 4 j 1 dJl>- 

ur!- 5 J -^b" ->* ^ bb Jb^" kJj °-“ l b?b bJb jW? J-*^ i ^-J 3 r *>■ b*' 

^l»ul • / • A kg/s \y> ^‘J’r 

JLJil *.jyy j'b 'bb (*—'J °b„> p 3 * 3 - V—*■ y. Jb-“ j'- 5 ^ bC l>jj b ^b-T 

eb-ib b **~JrT 0 ->b J t-S^*b* 


•/• 0 $ 


•j j f r • • • AJ/kg ^jI jU ^5” jl j~* L <—* b^ & \s*~ y" b” I 


j *x \*> j\S* JL-*- j& d-pL^ o • * * ^j jjj y* ^ jS'j ^ddL 

tddli 4ldldj (jl1 d.U 4j 4j^T ^Jb 

jSb-i o b '- J ^j-<i j-i' ■• > —^ j—'jji b jb 1 ^* ^ o- 5 jj*l Cj\ j>\ 

^S' l j-J 1 ^ t^l J ^jLj Lhj J I o Jj 1 Aj o y J ^■■■"■ > ~ j-> JL^*i jld# jl^>^r«j 

jl-d* d^-J L. 4 jP*- j \ dJ^>- ^jLd> dS' Ij -IjLp 4»«ta1 t-T —i I j ^ JIj I 

dJl>- 4j ^JlS"y Ij ^>»>- ^d*l5^ ol^ , ^- j !j 


(*\—^) ji d ^-i.J '—• ^- J Ij—^A jld* jl^^ p^j d^j dJjj-j3 ^j odd j 4>-j>- 

!dj I ^yo d—4j (*W^ ) y jc'^ | IjA d-N^lj jld> aJ^j ^5" d^l o^li jldJ 

K-bL = ^L 

.‘. \c I =UV + Y\A = '\--£| J! kg K 

\ P J A ,y ^ 

:JjT^ O-J <0 yj Cj j_^<|(V1') ila;b b {^Lr 0 b~> LS^^b” 'b“' 

— =VT 

k,L 





°jiJ ji^i, '--■ iSjJ-* iyt Oj^| -tJ 1 ji vi^j ^ CJl>- *o ) oJb- 

KL 

( V ,L = = — = -/'m Ikg 

A A 

!b sI-...-'t (^ —\0) aJoj !j {/? T cY IjA jUj 

l^vf Lr = (a< L 

••• {a L = - rrr ^ = ' x ' •* x (a)"" = > a/t x \ . s Pa 


.. KL 


cot? ^ JpLmwJI 


^ u!?/' 1 c* 5 ” 1 /* 


> OjU jj Ujf JJJ 


*> jj> ><Sj ji tjA> (5^ <0Jjj ftn*^ 

dkj*? 05^. }>M < 


^ y jLLs ?— v jijlq t 

j\j jlajTjj J^LS* yl jTojal 


<’'“' ^■ s ^* {^i}fl„- 3 {^ }air '-rij “V ^ J ' J j lS^ 0 


I ^ C-O 4j Ojy Jjl 


{a V ,L = { RT Xr 

:. (7; ) = X ‘ /A = rvA /vK° 

'" VAV 

fev,L = {^L 

( \ >A/f X \ .* X./'I 

•■• A L =-—- = n-/fK* 



oVU-- uj 


j->\y Y) — y U(O-^T) tlajl j Ja— IV, r C-iij ^ ^ J “V l -^*i I j* J ■* Jlijl 


IV » = - 


*(p, v '-m) 

(wL 


> — N/T 

'jAji }—j iC-»l - w-jIj I jLy>- jj*k -*-iIl *y Jliiil 

_j C~A j ^*_j»>- J" 5 Oj-*—| ^ cJL»- o X oJL»- .J— Q xr —• 

■ JJ Ji 1 J 1 T *' ‘ K y)y \r r } u , r (^L.i •£ J*3 U tC—l >. \c-aS jl 

( v .L = KL = *^w Y/ *« 

! Li C.- ■*! j*)ji (^“" ^ 4li»lj) -i 2*~>y {. |/? r \ nr ^ J} 1 y* j\Jik 

k>’.L - WA„ 

(1 YAV XT • - • . n 

■'•M,r=-— = OV/T X Y • Pa 

L (O— ^ X ) 4_laj1j jt * s ^—*b L)b^>- *X/ \^.^S jli -Uj I jk jJ jlS"' |Jtiil>J 

jb JjJj yi*^i jb I U £ JUi»l . 2 W^ r = * u <i ?? — y 

' b jji(*\—^A) <»JaJ j Jsu-» Q Tr C—jl5 


= OV/T X\.° Pa 


£>,,. =>|w£: l .(7’ r ~T X )\ ~W TT =./.ox vux(r* -?T •/'f)= -TA/A W 

l J «wr 

JLJj l jk C—wl ^£^Sb.3 C^»ij l _) ob^r Uj-k »Uj t Jk i oJl>- r cJl>- 

J?L—Jl b <i ) CJJ -5 J^JjU 4 ^ j b loj^j f^ 0 "” 

KL = ( V >L = '/*m T /kg 

oilj O jj~& jA i, ( 1 -^ 0 ) ik*lj Jx-y {p r }„„. ti cJU- jj I^A jlij 

{p- v /L, ‘kl 

j j = »>/T».W , Pa 

l r ' ;nir , \/t 

• / A 

1 U C —-I y\y 1— \ <Jajl j slJl^- iu .Ji |7 f it i^_Jl»- ji \yt, (_jl«a 

{wl,. ={<t;l 


= r/NX\- i Pa 



j\S <J JL~ — 


••-fo}.= — ■*/' a- 

YAV 

--Jj I C. - »o *j Y] — y L (o — \ T ) jl fP rf <L-> Ij 1 I ji jJ 

j m(PtV, -PrV’r) 

U/ — _ _ > ■»/ 

"■" {'-/L 

> - \/T 

iC—.»l V 4-3 '—*i.S^ - Qr f * ok,/*" *-*J“k yjjjl Jl^l 

S" »l<| _/i*4 w — ij -S *jlj Oj“4 OjU lL$L \ C-!^- i C—Jl>- .JLiL^» £/ rf =< 

.JLil^ ^ T ,=> : tC—t jJu. w = 00 L^O-UJUJj jl jlT JUtthC-.! jlii 

: juT^ ^—o (1-^A) J*jIj jl «jIc-.I li Q u Uj5* JUil 

Q f , = \mc r (T y -r T )l -Wu — •/•Axvnax(yya/y — Af \/>) = —ta/* 

L J 

Oj-A; XjTy ^ j.3 jlT Jli-I Z,(^ )..,... *»■>?■ j 1 S& J^' 

* 7i*^i C-^.^ jl; 

ZW>-=»'- + ^ + ^ + ^. 

.’. £(pF) ^ =+^r + .-T-/A + . = -TV/Ai:ff 

jLS** jLii/i (£■—^ jJjl O^Ij jl <—jl QV.■» Wl ijji^j 

y-+ y}y. -kk Z(^Ik ^ -> X(^ln 

X (£)m = fir + £ r + C„ + & = * + ™/A + — Y V • = YV/AW 

■■• ZfeL + Z(^L =Tv/A - w/A= - 

«- c *r-“ j L // *^y o^-^*v^" “^jk ■) ^ .to 

Lj 1 ^Ljj c.YV «L»,. xS' jl—> -UiTji iS' 4>_ o-Li* «lJ jt ^\a J> 

n*l vv/A , 

ii — -;——=-=6V% 

Qrr TA/A 




O^U-- u J 


ijis~>. { j- A JT ^jS" Oj^_ ‘•Jiy*! <i'^r»"' j'k-W <_£l»yS - jJj (_fl^; 

■ ^ (_j> L—O 4 j (i-V) ilajl j jl jffl} / Wl ,/ 

a,=a,™.=('»UcK 

i . ■( f A/A , , 

•■• M/„/=--=-/*-nraig/.y 

TV * * * 

! L t .1..*! ^ill^i (i—^ ) <bbl« j\ ojbfll—4 b $ARC j4jLJLai J jS *jlT O J-A 

$^ w .=£^V fcrs $ Jkll% =TA/Ax6--x./-6=$>Yr— JU jj 

jl—ij jb^w Ojb j- li* jjbi 


djb ijbL» (*\— \ 0 ) -U)Uj^ 

lljj lL-jU j- 5 ub^*- Uj*k ^ JJ~* tO Aj r 

{p 4 L = {a L ='••«’« 

: t l— ' (Vio) iLlj Ja-^ {vj a(> 4 o lJL- jj 1^* iy mJ (****- 

K v /i,=K v /L 

f ) OV/f^" X-A 3 ,, 

•■• (p* L =-7- = \//\ m / kg 

^A/f 

lb ^1.^1 jt\j* Cl—^0 <lajlj) CJU- <Jjb»^ j\ ojbol—4 L } a j r CJl>- jJ 1 jJb <_£lo 

K v /L=K v /L 

f 1 OV/f^ X-/\ r/ 

•'• = ' /A Ag 

‘L C»-*1 ^il^i C\ — \ <lajlj) <bbc- Ja—(T d ) J - | . tO CJU- \jjb ^lo 

(W, r =(RT a )* 

™ NX \ - 6 X\/A „„ 

(T a ) ur =-= m/YK” 

TAV 

Li (0— IT) 4_Ll j j! ajL——il L W r!1 i^-jL ij-j'j j~> I jJ i}\jj3?- j_jX Xj I j> jo jlS* JLiiil 


:t n = y 


W = 

ra 


Ha^wvOL 

f-rL 




^*1$* Jlif <f jLw —<*—LJi ,J-^j 


_./.£)X\. 2 x(\X\/A-£>V/?X./\)_ 


\-\/f 


f\/tkW 


J'jji ' L -■; -I ti-A.j*' Jr^ £? ra ui->_r^ -> J O^.yr -*yTy jj l*^ Jlijl 

■fKi#* ^ra = * 




Cotf ,jj jjiil jj JoUwj! 


Y cJl^ liyli jEJjjii gJd 


u£j 45" I^Jb e^j jf JLuwj jLm 3 jl^^cu f f —V JULo ! ^-1* J^*» 

. JUJT^jo Ij ^jb ^j3 Ju jJ Cmm^jO Ju<j 1 j5 j(^> jl 4X31> 

.^L—.*1 J* 5 j *-* ^ Uj<4* ^S "jL jUi-j \ oJl>- 0 C-Jl>- 

I L lL~^( ; II— * L (O— } X ) Jajl j j\ Pf^ N j\£ jJliljl 

W iS =-|wPi( v , " V 4 )f = --/-£>x\-‘ :i x(-/A-Va) = +6£FF 

V J iur 

:l o-l f \y (VU) iklj jl 4 jUoI JIIJI 

&,-(/»c.( 7 ;-r i )l -r„ 


.-. ^ = ./.jixV\Ax(TVA/V-^TV/T)-£Jx\. r =-W/O AFT 
r* -> J ->*-^" j-i'y ^ ^»-_rT- j' 

■•yJs)~ J . ll --— 0^ij>- Oj-k y^{ >- ' *& jV ly 

SM.« =k+^+k+< 

:. Yp>)_ =+\r + >-f\/r+o = -r\/rkW 



O’JL-- U/ 


YYA 


< T' (i— \ 4_la>lj) jl i«i^wdjl jjjlS jl a.sla?,.-'! L LJ jl jL*J?1 ^1 j» 

Ay -kb ) X(^ lvc -> J j ir jiiji 

! wUiL 
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oT jliu / s_jT y I loA V_i 

-blti j islL jL>«j / l-j I ,y T jy 1 >_—.>■ Lo jlj 

J^— 1 J- 5 £y—‘“j-* JhJ J '■•*-£ Lj —• ^.Ty y» j j lj L.^ JUiIl l^j tC—<1 J-i« yJ 

. O—*1 d-Li Oib jlOJ O^jC jlO i?jla^- J-J 
jL> j ,. . * » JL— j 1 a_S* tj^L—il ^^1^x1* jljrf > — ■.•->' yj jUL* j!j> j +J OjL* 

O—L \ ^jiyJ ^ Jr*J Ij (jjjj J ^jL-ii y-P —» 1 ^>-1JJ J 4-IA.5 

* ^ (j^T J Jp- j' 


JjoIT ^UbjtJ* Y -0 

J jl_>fci 0-1 L>- jJ 5 ^ .Ani? 0->jj—*<* A—t <L_T ^J^K—— 4— j\__£* ii.£j j} 

jl~— jLli J Lo J 1 ^J_jljp>u «UajL) ly^J ^ OjjLp Ai tO*i ‘_' & 1 yA* lO—•'I ^^* AT/ 5 ji 

yj ->bJL« Ol y. ■ *> : ^ J—>■> y_S ^J** L-S^ j LS^ tl^wJ IJ (j T _L L A^ O-^l yjl j IS^ ^ - 1 ^**- •- * 

jL_^cj ^lyj .>j1 jr* ^y—»*fc t£il^ J- 5 • jLj a.>L* aJju! j ^£^1 Jju Ja —*y jl jJ ^ lj jT y?\y>- 

OjJL 4j b#l 1,0—-1 y*> <,2 jl^ j\j3 yjlJ aj 1 yO ^L#j 4 <—j i 

lj J^LS" jlS'’ ibu* a 5" Oj ^ ylk; <i ^iku ;JJ^ J* . -lT ^ yio J- 5 

Q l; .^ 1—>- yJ^LL* ji y—*J 1*1 £ ^ J-4J ijl*pl 4vl. -*1 L?^ OJU- J-^ a5^ J ^ 

j a^T jy_U 4_, 0—1 6 JOi .3b jLOJ (Y-l) j (V.r) aT jU t( Jl—) 

txi—* o-s- <i aT Ij ^l^l^i- <.p_!o J^a# j y ^^1 

ly-J J tO)y-_^J y—U j 1J (?ft*h ( ^0>0*) (VJT ) . JOT j yj—*• jl Jr* W-Ip 1 lyJ 

*—j 1 jl A_S^ yjL*J J J JL— 0...<gL> yJ^Ll* y—A) <S^ ^JJ 1 O—«<■> Ai Ij ^yjV^ljC* ol JJ c5^ 
1—*jbj*j J L^—)j*A>- jj 1 jl jj yj 1 jl ^^ay Ojj (jji OJl>- Aj J^LOl y 


0-1 aJuli o ^ \ g— 1 



U/ 


( J lAi Q < * Q Y—^ 

i JL** / a 1? fl» jJ jh jl (V—Y) J-i Ij e/g/? cl—Jj j^Lo ^1»w« 

cl— jIj J jUj jU y..** A^ LJ /j-i L J C—*"1 £L£»I jlihug aLUL> ji j 

jl C —**1 OjL p j O-jLS*" (wjijyxJ , _ ^Lil jI>«j j £^LL 1 v_ >\ — vJ!—-I j 2 jA jl 

jjj Ojj^3 4j J J-JO ^4 jLtj C—*^Lp Uj jl J « J?jJc»%4 £^L*M jl>iJ ‘ 


ur 4 


£V- 1 ji>v c^r 

fyr 


. C—-I _ / JC» ig oiai ji ^ L" f <dai ji yLs> jl^jUJu 

‘yjy^ 

jJi; Ji (V.o) j£—i J j c-—4>“ jj jLIj ©*L^ oiL <, jji i£\y % 

y j _lLI ^Lil v > 1 JL*- aS* i^Lj . cL—<-I oJ-L * j oJjj p^>>- y j* aS^ 4JL^*£j 

^ Li lj j 'yy j JL—*" jj-^Li^ a >1^ ^l^j c*A-X1j <c^t<L jl ^j y^C 


A_S^ ^t^j i AjI u. 4 4j , 


yjl^j f aIt gi j-i ^Lil 4—^1 !*->»>■ 4»L 


£ ^.y yJ ^’y- yy 1 -** ^ <s^y iJ j' j j’y C7? ijjj y j vi— I ^Lil jU~ 

.^—'I L^, y)y g -daXi jj £l~il “jiJ 3-) u/i^ ^ J j 'J 

Jjjljjl—u c-LJ^ g a L^t ci^j Ij f a L ^1 j<i>s* j! X c— JlS' 

. <0—^1 tAL aJ j-i J j aLa) j«i jj 0 r ^ ^ L^ °JiJ ( , ^ >- 

OI^j ^4 J *Lj-L ji lyj J-j L ^-4-' C-ww 




.'. L 1 — + (1 + y 


; Uhu -:- - 4 .C olL^i 31 ojU“-^i aT (Qrmilily VaPour) ^ jUj» (Dryness fraction) c—i - ^ 

■ “ -I j j>! *j>- >, - Lfc ■ j j 




ur 


>—J I j LX / .— I I <b J1—- — ^ < 



».. *&£ 4_^ ^U-“>U?I jl <1 \j Ij a^j j jl(V.Y) ^iajlj jl 

^ _;■> . 3 j J I v_.. nM ^O 4_f .*1 jLj»j j ^Lil *_;! Ja^ I j** j3 l JL-- o^j j 

• /• *r W m r Iki’ j-,\y iC <kL jj i; jIxL. j Y- m r / kg y \ y *. /i <k«; jj i; jiju, 

jJ 4-S" .^^li j* jl jl_v >—Ait-i 4j iC—"1 (^1 <Ljl jj) 

.J/" ojUx-l ml—I eXi <L^ y (V_r) <L,lj 


{; = A'r; 


(v.r) 


4j _U ° y } 4—-l>^p* _/i y.j* ^iajlj jl 4S" 


^ 0-1J 3 11 °f-3 bS-J./ 1 ‘• v °>.J 1 "- 


ObS* L 


‘ J J ^ i j\ ib^J y ' ~ ‘ m * (V—) *bj\j j3 oX* ojL* ^y> j3 lC-JW- ^ji 1 J3 . XX- y _U bl-Jl>- j3 

.v = Xs K 4- (1 - X)s f (V.i) 

ii = A"// , 4- (1 - A")«, (V.o) 

h = Xu^, 4- (1 - A')/7, 


(V.i) 





oT jbo Jo* Y_Y 

^y^~ J ^ y 3 t'Jj'V 1 ■ - .-< JLILo 1 j X>w«lj 3^4 y llS^ Aj aS' o JJ- ^*_—' 

j x._-l Hasi! lilackwell jT yJX j «xi j (l.k .( .Rogers Ja-*y 

. 3 ^ x 4 ^j>- 1 y> t jL> jLp^j / » .» i x ^y o 4iiS" jL?*i_> (J jl Jj>- J jl jjl* aj 

^jjly—* L? a q -4_i ^—>Ij 1 y X-'L-p'^U^I ^jL_>- 4_S^ >. . ^ J...a* jl. M »u.i X>IjXt.'M jl a— jy I 

. X 1 .*■ I j 'Jj'V L~-- a^Jj > > I / 

■ ,__i I . Jo I o-U- j y (V-Y-Y ) j (YJVJT) y jLj>io jj jl ^ 1 X—■*—j laaj 

4-5"" ^yjJLo L_*l . XX»L ^a \—> 1 jbX j ^L-il v ■» I J L?y -laj^jJ- W^J*^ 

. J.J . A XjL* yj l X y~* ^A ( U l J \J**j ) l Aj X y* 
j y_ 1 coy J <\ r> ^ > ~ tjL t*3 yOlX A^^\j>la jlSsX C »—> \ jL>i_> ^C, L^J J X>- j\ 0 J \jL “— ' \ Li 

j £X_xl s A Xy_XX* t^LXl v A t^LXI \ ^ y ! S„3 ' LO ji3 oj y^ teyj 

4_*>j Jj>L_i>J j^u CJl>- ^j-j j3 JLw-*j y ^3 L?y J 

kjl kA Aj jLJ 4^Jj tj J 5^ , . *■ yj ^Lo_J C^olj *cJl . JjiJ J^>-Jt4jlS^ 


Y-Y -1 

j j JL—^ c. ..,./’L>- j VJlm 3 ei —j jjLJl* j ijj^ 3 ^ y) j Jj>- j j 

U jLJl® 3 jJ_ >~ . JjLi jLij j L5 -4 y* 4 jUlj Jajlj_i 

J jo d_j-Li jj jUb i^yl y>ij iLij ^^Y/\ \ MRu jUb y*u ilai 

ij;—^.1 ^j'V tJ—j^Li jj jLj 3 jj^« ^l»3 L j LLj jl j\Jjl» £\ . 3jb jl y 

j-b j 1 J_i* j 3 oI y _.*.v 4—5^ ^ 0 1 L j XI 6 jX X ,.*■ y^j aS' ^ yj 3 IX ( y« 1 ^y \j u Vy L aS~ 

. 3 J J 1 X |.*»3 Ij yljj jIjX* c xJm L a^- x .....ol>- 

^yl^Jjl>- jJ JL *> jl C--^>i> Aj jLJ yy\jL* Jjjjt X ..*■ J 4j X^y 

.XJi*Li j jLXj xU L*jl»- X 1 *cJl tC ■*■! ^b ^y 



T ^ 0 jl^y / I vJL-* —^<A* J 

1^L_*j 8 jjj p—>*>- j oJ_jj ^ ^J J U^> Jj)? <b 

JL*- jLij jl *S" ^l^JL. hJu b*- jji . 0.^1 oJcsS* <~->.^>- ^*5^ jtf'ui' (■L>iJl U1 

. -Li JjhI^>- Jy. < l - ~~*^ o*L^< to Li 

V.) Jlic 

^ j*) ^ 3y* »>ij 3 “?.J lS jy 1 t4 >.J t0 >~) (* J r* > - 

V i^j jjJL>- (y j ji 

U" "C L.j jr MPa Jd {,jJl 
V IT - T lo jr MPa jlii ( _ 

? £■ • T l.j jrtrMPa jtii ( ^ 
nr - °C lo j r/r A//V/ ( i 


c> 

jjLi> iC-<l &Jl* <ob ^b <jj* (ji 1 * • C j^U j j V A/.PQ ^Lb ( »_JflJ 1 

0 {K } *>.j -) R, •>.-> ‘ W« •>.-> LS-iJ^ T 4R, a >~> 

^ >y*> CJI } ( jO ji 'j O*> I »; S ~ .» ■« jl y ^ 

R, = -/*^r m r / kg 

{.y}„=f/<m kg / kg K 
{«L,=tvrr kJ/kg 
{h}, = nr\ kJ i kg 

. o— I oa_i a jb £o < °C' j i ■ • °C ^L^to jj Jaii i jlf MPa jLii_( lw j 

O^A Sib c—I f jV £V< C Ji \h M } J RRL ‘R, S-^ ,J 3 ^y. 

\ /jjJ jjLj o jti L ub* ^ j y* 4j£o* C j i * * C 

fx--f.. ^ {t;,}--/-^r 3L , = {h}«-ryr\ 
tcj — T- • -/\ •vA_./-^ , \r v/.AT-f/s\ r-r.-nrr rrtr-rYr\ 

M v( =-/a-xv zw r //:g 



|.vj u = 9 i \kb kg / kg K 
\n } 4i =v\^A k.J ! kg 
]/?} = r yy? k.J I kg 

aJ -i dili £ \4Vlf J V* A'/ If 1j jg c<JjJ.—3*- 1 * * C jJ^Lo — ( ^ 

J-*. Ms, I J >Mm 1 !- v L ‘{ ,J )w ./-■>'** *-4i v-S'j-! • ■~— dl 

’. ■ ^ £ \tiCt $ Y* filled oJu^ o^b j-oUL* 

r/r-r {/;„} - ■ / ■ ^ [v} i( - 9 / m \ _ (»)„ - ^rr {/?}„-rw\ 

f-r ■/■wrr_-/-\\r 9/V9\-?/\\ y^-y^yy rr^t rTr^ 

[<;} w = -/-Mb ni r /kg 
[.v}„ = 9/k\b kg l kg K 
}»}„ = Y<m LI I kg 
{/?}„ = Yvrf k.J / kg 


OjUio ^LAjLij jj M>, } 3 . [s . {Mm ^ jlic :V_Y JLLo ;V_Y Jjoj»- 


.1 *.4 



loJ> 

J 

Jl>}) 

f • • r 

f\■ ’(' 

fa- c 

r MPa 

Mw 

m r /kg 


■n • yy 

• n -y& 


{«}„ 

LJ/kgK 


9r\ kb 

Y/-AY 


Mm 

LJ/kg 

r^rr 

t^a 

Y > Y • 


W- 

LJ/kg 

ytyy 

TYYf 

yyyy 

r/r MPa 

M- 

m r / kg 

•/•■m 

•/• \YY 

• /••m 


w. 

U/kgK 

9!KXb 

wu • 

Y/ • YA 


{«}., 

LJ/kg 

Y<m 

Y^ff 

Y- \Y 


W- 

LJ/kg 

yyyf 

yyyy 

YYYY 

f MPa 


ni / kg 

•/• yyy 

-I-V9- 

-/•A- ■ 


m 

LJ/kgK 

9iV9‘\ 

9lkXb 

91Mb 


ML 

LJ/kg 

'/MS 

YW 

Y- > • 


(Mm 

LJ/kg 

rr\f 

yy*- 

YYY ■ 





Uv 


—' jl»v i <—>1 *i JL" J~ai 


ojl-U j j—-j L . «: ■■■■» jjj Jjj-» j_sL-J_)JL- .p • °C ^lo j f/T MPa jlLi — ( j 
jl tJ jS I -L— J_j-Lj- j> jt_jJ ^ Ij 1 • * °C j 0 • * °C ^Ulo j V - j 1 MPa ^UjLij Jals 

y J’ Jr* ” 1 J W MPa K, } J {»}„ ‘ M„ <■ R, y.^ l-V, ci'y j>j Li' 

V ^LJL, j_>> jl r J £ MPa y- lj JL- ^1^ ypLL <uT c_J f jV t jL_> yjlT 

■ L—j 

£ • • f ’ i^Lo j j j—* j—i V/T jj lj JL —4 y*l jUL C—-I ^ j V tlJiil t/^ljjL 

MPa jLL* j j j— ^ . ijj I —— j 4j V j £ MPa y Laj IL* yj ^LiL* y j I £ 0 • C' 3 
L_o v * T ’ °<" J j b JL— y»ly^ ypLU tyUL* I i0 ’ °f’ j £ * ■ ° C’ ylo j->r/T 
•i_>»_ii (V_\) Jj-L»- ioVL (• LL jj ^iaP J^ibj \j* > P J (Vb XjL) yUL* ^L^l b - j j_j ' 
^y I jj ^3 sj —* obi—l j! £ —* I ,.j l-JL— L ^jjLJL* 4j ^L <*5" ^yjLj , j y* 

. Lb— I fi-l— ojbi—1 jl lag's ■—ll5 

:Y.r JLU 

yij ->j'y tS'y Jy yly ojy jjJLlT j ayy yl»-b Ljy 1 (►»■ tL *J 

^ «Xj JJ I i" . -»>-l i 

9 kJfkg K° yyyjT j ' A/Pa jlL* ( -Jl 

? 1/1o • kj/kg K° «>_j yyyjT j \ MPa jUi ( — 
? 1/A• • kJ/kg K° o>_j yyylT 3 VT MPa jLi ( - 

oJ—i »ib JL— L^JjJL>- jj 1/^T1 kj/kg K «j-ij jj-ijjiiT j ^ A-ZPa jLU ( LaJl 

b { f ’}i-i °y.J J {w} 5/ ojgj (^jyl t {k}^ »y_j j»«- ‘{^L/ Lj j-lyL, n—l 

:jj_jT l—j 4j j <0 jl L - ; . L- . jly ^ 


M,v/ -«■ °c 



w/yi—< -\*j 


UA 


{u} y/ = ./rrrA m r /kg 
= TV " kJ I kg 
= r\rt kJ ! kg 

j To* . C ^Lo j* V^Tl U i kg K I t \ MPa jLlj ^ 

2> j c j—< j j yj I . o -Ut> oLw J J -L>- V ♦ ' C ^L«.3j.iVMTl a y j j 1 


. ^jj 1 C„.^ s <*j jyiJ 1 vl —i oUkjfc L* tX * • C j Yo -°«’ W.v/ ^ 

^jJLiT j {//} v / “j-'.j ^s-^"'- 11 L {^}.sv °f~> y 4jU~» Ojhtf <ij 

: JjjT C-O <0 I J JL- vl-w 3 ^ y.- 5 ^ ^ '• lw y^' or! or! 1 -^ J* ^ 1 M.y/ “ >_J 

9/\H - 9/W9 { T }sl fcL --/^TA _ (u) sl -rv'> {h} sl -ntf 

v/\t \-9/\r9 r-.-ro- -/yaa— /rrrA yvu-yvy\ r-OY-YW 

M„ = y<*/> V 

{(j } a7 = • /yvqy m T lkg 
{w} y/ =yvy\ kJ t kg 
{h} xt - t '^ v kJ f kg 


Mr MPa jUJ jA {h j, {«}„.{j}.„ jlio:Y_T JUL. ;Y_Y Jjjo- 


jUJ 


J^>l 5 

loO 




v-."C 

Y6- “C 

\/r MPa 

W, 

m r / Ag 

•MW> 

•/Y* *6 


R, 

kJ / kg K 

?/MA 

mf • 


{«L 

kJ /kg 

\f-\r 

TY-6 


«., 

kJ /kg 

XK\9 

nrf 


3,^—* l£ *^>" j* ^ J S' 'T/A kJ i kg K jjij I j VT MPa jUla _ ( ^ 

yja* Ljt^* Ij VT MPa jlJL* ^ ~^j-'oLL* IJuj l . JjI o-i ■ 



4_^U lj J—^1 C.—• *JJ ^ i * ~—' •** **—j \/0 MPq j lI^j jLlj a4J> cob 

Jj iii ^IJL* ^ » ^b *VA kJ/kg K jl-uL* L o^j ^j1 

4_S^ lC. »m I o-Li* a^b t^/A kJ / -/w ^ o-Li» 6^b (V_Y ) 

ji^lAt kJ / kg K (*j_jj /jT) jt*»T j>\iq\a kJ! kg K y^'&A j? 

qI oft L L -b L ^,^>1 ^joUU . TO* C 1 <^Lo 

: fiJ 1 * Oilr!^ 4a J 4 ^-*‘° ^ t0 >lJ 

f/A-f/OAA {7 1 }', - Tw __ {t;}„ - ./\v?9 _ {a} t , -T^r {/?},, — TA\f 
?/Af-f/<MA r£i--r.- -/V--6--/W 99 TV-Ci-T f\r nrf-YA'if 

{7} i( =rn/v °C 
{{j} ( , = -mfo m r /kg 
{«} v = m • kJ / kg 
{hi = xwf kJ/kg 


j\9u j £lOt oT Y_Y_r 

i J , J-L to ^1 jb tC—*1 jl^«j J v-j 1 iS^ ji *** 

ii j—-J <jl ilS*' * - 4 iafli jla_i* j 3ji ^-1.^1 J J->+-* •J 6 * 4_J lj ^>- 4 JflA) 4^S* 

u-*^ . jjj ^ j\S <_> J;L~* lj |i ' L ~^ j 1 * • C j •/•y 

Lj t ^ \ \/Y Pci >{£" «u* aha, jIjlj jl ^jT a .ajO*~« jl^U ^1,^1 jo^_jO ^ t jLlj ^1 jla 
j jULj tJLib J ^1—X! I jl ^ ^ ^/ \ ^ A^P J r > * j 

j pIg J jLij ta-t » ojIj y jj_l jiCj tAi-Mj Jl Ji ; ....« Uj 

iU^ j jLii jj» . 0—1 T^ t ( _ r «OL • jlaj 

(_£l j-> j t,l’~ ,.,a jUu J 1 A ‘O<1 a-Li aili J’j, jA’^ ihj ih^ lU^ 

^ L^j jl.— ..'>■» a . 1 1 j i I j jLaw s, .a S -blj ^ j * Q_^>Lji. ^oLJL* o^j—^ IOj 

o'^o-l aaL, <; oo* _j /» A , ^Lfi_,i-< ^*1j ji . -Ob ^ >j>ry s fa j hfa «j\y 
: jSyJ OjLp <; t-Lj»J ^ jlo lj a^«j y.ili* j J^Li' ijiJ 



U/ 


Yfl. 


h .l, = {K- h l) and S h = ( S K ~ s f) 

L*l oJJij ob toJJ- ojLi»l 'VL 4?" <_£l ji tjLlj L Lo 

^—-jf+» J> 'j ' i:> j 1 Ljr^'^ 1 •*-»“ «$’’ o"i" yjj 

^Lo L. jLli <S Jaii tj^lj j j» ^L*JjO>- *jy ji . C-i^ ^ jj ( 

. Xi XAly- jjj '. J. 1..A 


v.r ju* 

ls^'-^ ‘ 4 >-J t ^ -1 - 5 ^Jy " 1 “>;.j (*^°* ‘ U:> t jLIj j>" 

: J~S IO-j yj ij\y Ji Ij jUw C-ji-S "J ojj j 

. C — -1 W-■ * I <lJb- Ji jU*J ^*J VT MP a jLLj ( cJiJl 

. c — -I j^v j* j^v MPa jLLi (*wj 

, xil »/A jl>«u c.<M.g^ L l 5 ^-^ MPa jLIj ( ^ 

ij , A* Ij o ..*l j \ /T £ MP a jt-ij ( j 

.^n^'kJ/kg .>,j ^ljT ^ijij jUwj Ml MPa jLli{^ 
. xi<L *i\o tn /^ ^ljl.s j MPa jLIj ( j 

. C...-I il OJls- J.i j V* C ( j 
. JUili (_f* jjLil jI*«j j C Lo ( ^ 

.•/o jU»j O-jLS” L C—^ji»ji>v4 j N*\* C Uj ( J» 

J» 

J* LT* j-^ l J ./ v"'" y.- 5 ^* ^'y ^ 

r^jjb V* MPaj Hi 

fci, ='M -C (Jjr**) 

{ u }.i = v r ! ' -—^ “ Jj- 1 ^- j J —- 

{w} t/ = Uf = vw kJ I kg 


'I p- 5 " ‘jyf^ 



TO \ / *_.! JSLi *j JL*. 

{M„ ~ h t = AJ/Ag 
{ 5 L = 5 / = T/Y '^ kJ! kg K 
X = o (^Lil V T 

jL-Lj t|»—Ai ^ jl^J tjg ,_7—j-iJ j'-^v l S^f- 

: C_ib J^jkiy. MX MPa 

forL = ' ,AA ° C ( o^yr *W 

H, =o, = -/\m m r /Ag 

{«}„ =W / = YflAA kJ / kg 
{/?},, =h f — yvaT AJ/Ag 
{s} u - S f = ?/£>Yr kJ /kg K 
X =\ (^Lil l_jT yj\y) 

4-5 o.slil.* 1 (Y-f) j (Y_*\ ) *Uaj 1 j jl C—*1 ^ iX = ' /A Ll-. j i. jT y — ( ^ 

: >/T MPa jLli 

W„ ='« -c 

{y} v , =A r t» > , = «/ax./y?ty = -/Yr-f m r !kg 

{«},,= +(l-A')w / = -/A X Y6AA +(> - ./a)x V1Y = YYY" • A//Ag 

{/?}„ = Xh g + (l - X)//, = -/A X YYAf + (y-'/a)xYU = TV AY kJ ! kg 
[s} A , =Xs g +(l-A')s / - =-/Axp/DTr+ (\-./A)xT/r\^ = 6/??r kJ/kg K 

y 2 LiL* t J -I o Jj-J aita VTt jUj ( Jl—- <■!■■■■.-*» y — (.5 

y_z\ aa —Jtj* \—t jl j—* j * . J 11 ^ * C-—-o o L^JjJl \/T MPa j VT 

j-> Ij ,u K ,h n h f , Sj ,s g j*, ‘ JL^I^Ll y.jll. vr MPa j MX 

<T 1 j ^ ^li-» <>-j^ jSnj l> ji—« l (J yjL* ^ ^S" I-Lj V T £ MPa jllj 

o^5^ j_Lj t\/Y MPa 2 jj-a j- 5 j~~* Jl—*1 jLj 

. l 1—*1 Jl..*.«-j Xjl*Jb 4 * /A C- j i. jT 





ror 


JjL 4-Xl>- t»w jl>«J '*- m ‘~Z^T^ Cj* \ J^ 

j hf — VW kJ/kg jLlJL* L_j ^Ju—il 1 j—^ d yij MPq jLIj 1 

jj / i-Ui j> jjLj ^JLjT * ^ j\j* ^VAt kJ / kg j\jJl» l £L*m 

1 ^5^ djU^-i yj Oj y& Aj (Y—*\) a]oj\j Jl ^l>*j '■L-JlS' 

W, =xh„+(i-x)h, 

: Y/Y MPa jUi jj 

Y • • • = X* YVAY + (l - Jf)x vu .-. X = */9-& 

A —j (V_Y“) J (V_0) (_j\—* A l a il j jl jlj_< !j_« j_j_lS"l I j (JL_^) C, ..^» L> y, J bJL* 

: ^jT c-o 

{^A L = UA ° C ( Jr* - u:u) 

{u}„ = Xu R = -/f-Ox./\fr v = ./.iaV tn Ikg 

{w}„ =^W K + (l-A')u / =./f.£ix(\-./f .£))v<W = YTr- AJ/Ag 

{$},, = As, + (l - A 1 )y / = -/f-ox?/£>Yr + (Y--/f-a)xY/YY? = Y/ayy kJ Ikg K 

£>L* Lj J * ■-»■ < -UjIJJ- _< jL*VJ L*l till uni ^ta>»jL^ jl>aj 1,1 .0.^ (_a) C -. - i -UjL» — (j 

L*1 1 JL-iU • / Y"\Y“Y tn / kg ^Lii jt»»j jl-Li* j! jT #y j (*"^' > ^ A/Y jLl» jj l^j j , -Lib 
ft} I kg j-i\ j. l jJ\ j^xi A lafli jJ oyj j*>»>- AlJt . C-*»l »4JU ojlj i_>T jlin «fj j*>»»- 

. -L.ill -Ll —i jj jl Y -Lib ^ ‘ /\0 tn / Ag y ly Oyy J O—^ */‘ • t" W 

• J C—*» Aj (V-r) aIojI j j\ jlj»j tl,.i.f jjl_}J (_j* l j °ji3 r^**" 

{y}*» = ^ 

: Y/Y MPa jlLj j* 

• /N6 = Xx./Ym 
/. -¥ =-/Y\\ 

. J JJ I C—-A; (V—“\ ) j (V—i ) (_g\> <JojI j Aj L jljl I j Jb--” jsl ji J ^* 

I^aL =naa c ( lM ^ 



->1 jUk / kjl JSLi 4 j J -ai 


Y6 r 

R, = A« k , +(l- x)u f = -/‘mxY£>AA + (\--/‘m)xV i W = Ym AJ 7 Ag 
R, = Xh K +(\-X)h f = ’/ i mxYVAf + (\-./<m)xv‘\A = tfvr AJ7Ag 
sR, = Aij, + (l-A r )s , / = ./<mx?/aYr + (Y-./ , m)xr/Y^ = ?/\vf zt//Ag /: 

j\ V» (7 ^ jl £L_il jU« - ( j 

■ (►*a' j J ^r* 1 ' 

R i, = rkPa { Jyr jlii) 

{u} v , = V K (c— l ftJLLi olj) 

{«}, = W (C— 1 o-UJ «jb) 

R, = h K = rm/r kJ/kg 

R, - = v/vaa kJ /kg K 

X — \ (j-L-it jUw S* 1 s') 

jl_i'U _) £-J_il __ >\ Kfryjy j\ j'/ ij* b u s 3 u k uris* 

0-4^1 U » Y*Y XPCl y —^-J L ^ 0 ^■*■ ijbY* C . j1 C -** ^ <j 

“H ‘i^-i ^ ■ Lj " *i L, - s ui' ^ *y* >j* U* J* JJ <y) ^ 4k: — V ■ ^ C J>\y t-uT ^ 

• ^ (_f* (V* C ) jJii j ^ L«j 

R, =u K =f/\r\ m r /kg 
M-r =m k =rfv ' kJ lk & 

v"^ j 1 *-*■***>* u-)^ • >33 ^ R f S^y. ^rtyy. 'i - ^ 

ap ^1** C ^Lo Ul ill .-.-'I \ • • C IJ lo ^^ -La* j 

• j~* ^ 1 kP& jLlj ^1 111-.*! O-Ui 


K-L =tv - kPa 

<kjtj jLii) 

{^}v = °r 

(o.~ -j AiL y> 

{«},, =«/ =i >^ 

kJ /kg 

R, = A ./ 

kJ! kg 

Rv =^A =v*rt 

kJ/kg K 



OKU- - u/ 


rot 


X — ° (^Lil jbv; (_jljj) 

t>_. — I o J__Li ob I k_jT J j Uxj Jjy jl ^ J J 4J> J*>n jJ> ^ • C (_jlo — (-is 

j (j_>b cLJLI L« 1 ■ • kPti jUij L; 4_S"> \ OA/A C ,_sL*lo JL— C jL»- y_ jUL« L»l 

jl \OA/A°C y _jLi. 45" jjl L . 0-1 o-O =ob (V- - AT’a jULi L UO°C 

* lj ( J L —) 1 ■> O—?lb- jj.}L-jL*A = • /O O cA—L s^-jj 

:ajjT o-o <o y _j c p (v-f) j (v-i) jl jty 

j/ 7 * }„ = ^ • • kPa (J*yr j^j) 

(t>} v , = Al> w = */£>x -/r= -/\OVA m T /kg 

(?4„ = Xu g + (l - X)u t ~ */jx YAfA + (y - •/£>)>< ??\ = \?\'\ kJ / kg 

{/i} s , - A7 t., + (l- X)h f = >/ix yvov + (\--/fi)x?v- = \v\ 1 f kJ!kg 

{*},, = Xs K +(l - X)s! = ./axf/vM + (\--/j)xv<\n = f/rff- kJ!kg K 


£101 y£. —T Y.Y.r 

v- L i I —j L-j- jj -o Li- y $ LL* 4 j b - --- 1 y L —1 —J lo- j j <— I ' ~... ^ [>- j LL* 

jT j,— chl>- uIjL* ^Lo ^S”! tjli- ^j\y i -UAJ 'jA jl— lo j jLLj ji yS jL— 

jL— l j£ j\ji Y • MPa yy* 1 _j Y *' kPa ^Ltj —>u lAiil t jj^v* 


• ^ cj 4 4aj . j j' 

^ i^^ C IT* ^lo jjl*< MPa \S~J Ij jL i*i j^ l 1 ^L*** 4 ^ Jy ^ 9 ^ 

jjiL-— jj j^LJT J ^jJb-b £jy\ i^Jyl T lS'j4 ij* JZ* °J JJ 

uT <i5” ^L*j —^L« 0>-5 4»-jj jj 4.5" ^^4 4^»jS” ^Jju ji Jfr*^ Ai tL—j 

jl—^ jIa^L«IjL C—?L>- jjilcbojj | ^4 ^15" 4j ( y\jk^ ■ — ciSsj ^l—I 

a-; t5jL-» jji'y.'o y* <-! / u — -jy.j Jjri' s^s. J ^ ^L—I -kJjj. 

jl.A—i L * l- t^il^ jl y . \L~**y ^^ ^y. 

. <Xt jJm 03I3 Jx> 1 



O jUiJ / O j£-i JO JO 


jy -£■ I <,1 j oJ _j j ^J'llj 1 L o Jj j L5^"^ l£ Jj*\ ^ lZ —« ^ l yj at-Uib ^ 

.*>Jjl O—-O 4^_| ;Jj j3 Otf J OjU jLL» jl O^JJ ^ U&U<0T ^iL *j fJOl 

W y M—^1 j^-LJL* jl t-L_»1^j ( j_* r i^Lo W £*L—£»l j ~— £■ s— j 1 »Jjj l£jj-*I JO 

1 Ju 1 C...**o *o jjj Oj4 j t( T fK j>- aLtj i ^lo \j J^»lO) 

w = w f - {it t -u) 

\ j*Jjb lOjIj Oj*J ijjl *£ L JO l S^j\ ^(0—^*0 *JaJ j Jl 

{u! -u) ii = {CiX T, k -T)) u 

,*—Lj -LJL I ji iS^f. "^laj 'j C.r.... ' ^jV 4jL/ (V.^-l) ^-Lxj jJ *5” 4jjS" jL^* 

. ^^S” jj-U fc« ^_U ui5sj ojL‘ 

■'• lt = u f - c u (T Ik - T) (V-V) 

j*.f’ i j I o y j j ^yJ li# 1 4 -JLi L» c ^ 1j j I -Li* ■" - 1 U j Lij j j i ) I o^>j ^l* £ £ I 4j LL* j <j 

: L C—'I y\y ( 0 — ^ 0 ) ^iaj \ J j\ 0 2> l_fll_%v 1 I 4 ^\+Jm 1 

h = h / -c r (T M -T) (V-a) 


lJ jh» j 


4 i jjl> ljT jUu / oT V-A 

C .—^—*?lj oLSi>y+A jL^u i t C_JL>- ,^1-*ji 

-> -U Ij ^jj I I ^ 1 j ^ djl-L»l 

iji ■■■ « Ij Jl—- oil —>- o\^> oiL>- j-5 JL^ j jUli \j iS* 

u J O L I J r *^* C-..«^ I J I {J> l^j «L»I a-Li a Jil J> j J <T ^ ji 

. C-...o»l ^L-il ^Jp 1 b J? <sl£j 


Y-l JUc 

. .i...:iT ^j.w.i I j i^-jT / <■—'T oi^>" ( j j-s) oJ-i o iS^ji 

( 4 JJI) {/?} i( = \/& MPa J X = o 



- U/ 


( v ) {/?}_ u = >/a MPa j X = \ 

(jO {/?}„ = VO MPa j X = -/A 
(j) {p}„ = \/0 MPa j = ./mtw tn I kg 
(_*) {/?}„ = VO MPa j {s} 4 , = r/no kJ/kgK° 
(j > {/>}* = ' /d MPa j {«},, = T • • • AJ / Ag 
0 ) {/>L = MP <> J {hi, = V- • kJ I kg 

<£> M* = MPa > ( r L = ‘ c 

U) {/>},, = V0 MPa j {r}, r =UAA “C 

(W{pL =>/a MPa, {r}, =T&. -c 

(if) {/»)« =' /fl Mp a 3 M« = r • • • kJ I kg 


(J){4='”'Cj R, =v/ro<i 

kJ / kg K° 

<r>{R, =a.. 8 c j R, =v.. 

m r /kg 

(oHr}„ = v.*c, W„=t.. 

kJ t kg 

(^){7’},,=^** a C, R = P/OTA 

kJIkg K 

( t ){r}, =r..-C, W,,=r... 

kJ / kg 



J* 

. C —*! ©J«i o^l :> oLlj (Y_r) Jj-L>-ji iij 


V-T ju-i(Y-r) j 3 ±> 


JojI JMI 

J*V.> 

Jt) ^Lit ,_J 

c—-t yi—^ j l>hj 

k_j) j^f 

sl~-1 yua jl>«j sZ..~ajT 


C_-l ii£j j jby C.b./' 

i) jl>*J 

R, =*>* 

_•) j^Lil ^T 

W.« =-v 

j) 1*j1m 

-i« K =■■■ j = Atrfc//*£,*{»}* 

j) ^ 

R/Mfy = M0U/kg) ^ 

r) jJt 

{t} xi (\\ A/r °C (^ <ki) 

■iff) J»U £jLil t^jLil *—*T 

{r}„ = iwc 

> ta* L j {^* )„ * — 1 j 1 -* ^ 

«Xi4"■■)'j 

i>) jji Jy jU*> 

{rjjWA/r m C(J.yr <UJ) 

£b J> jliy 

{*L>*kR =my kJ/kg) 

J) jUu 

M» = ^ 

f) J> J^V 

R>kR =V*vrm T /*g) 

o) ^Juil y*P ■—jT 

{ h L( h A h f = m/'fc//*g) 

*j-) jb J> jbv> 

r* • °C jJ £b j> ^l*Jj.l»- Jj R, j'4i> 

• si—<1^1.5 

£> j-b jji jLi« 

y MPa j\zi j> {li} S( = r* Yd kJ/kg 
l«WJj-^t j 1 r MPa jU> jj {/?} vJ = y ^akJ! kg 3 

Jj! «-Li ob £b j ji ,_jb £ 















oHU- - U/ 


Y6A 


ji jo oT jbw / t_>T Y_^ 

8 jLy»- ijj -L-i -Lj 1 J J 4_il—— *i£L 4. 41 w-> I jl»». / I jl C—.1 -* 

C.-UW ~ i j a^jlS - y i.i ^ f j jl i ■ i m ? 'y~t 15k-* »Jj^*1 . ^ 

■>*jly ^j>~y j* t Jl»- j* \ ~ -‘-'jl-iJ J? j& j.j y j C-ij jl»v 

^ <_r ^ ji> er* - ^j^* t^ 1 v —■>1 l b ^l^. 

Lj j ^JjHj 1 tC-uli <_£l* J 4vl— iU ^jL*-* -l—> 1 y tOljy" Jj-b -bj I y o 1 

^,J o c—. ip-=>j J—i» Ji oO_*T C-o 4. ^U 4k; IJ fU . x£ ^ ^ Ij y jjt 

. Xi~* J.U 4 Xj 5" ^y JLo ^-LjT y 


Y~o JUo 

C—U>- . C—^ TO* C ^Lo j ^ A 'IP Cl jl^j aJjI bl-J !>• \ /T ^ 

■ *b JJ ^ ^1—'^ yj y-b *•*— j* j^y Oj-b I y jl *i£j ./* l j 

jJ j\5^ (JUibl il ■ ^>- j ojj-Ul tC—..*>1 Cp^U jUIj j.i 4 Y* * kj Ja«>v <4 o-bi <JL>vj ^L*/ ( fl-lt 


? ■>.* c/- 1 

j J o Jjj aJI^j ^1*^5"* ojl-bl 4Jyi» ^y ^l>wl T ♦ » £/* £/ jLlj iJ vI-jIj J* ( s-^ 

? C— I oljy Vf ^ ijy 

vl,.^_>- j 5jS Oj^ C—jIj iJjl-'O ji 1"* • kj la-».>*-* <0 o-Ui ^ 

T <w—^>1 oji-Ul <i Jjy Jlijl 

jLdiil »jl-Ul y T * * kPa jLt-f f ^gi,Jj~* ^ ^ ^ 


^ 4- 


rT 


,-Lxy T * • kP Cl jl^JI <0 <vT II =vl-jtf J) vi^-jjy J^UmJI 

S C—^ Jjy J-5 JU&l J ®jl-Ul 


jL>»j tT0 * (2 jj ^1 tC^—o<1 WV^ (2 ^yyr 4.1a a.i c^ A fPct jLLi ji 

C—yj Ojj-*3 4 N C-H>- y^ 



/ 1^1 J5w 4j jL^f — JmOJ 


m 

{pL =' 

kL = Xv K = -/rm m r /£g- 
k}, = m\ kJ/kg 
k}, =w kJ/kg 
[s\) s , = kJ / kg K 

M,, = KL =VT 

\ jl UyS^ jLLi jj-L y jjJ-» i-Uj ) j* (*i_^^ 

j C . — . »! JL ■ [ ^Jl—i \ .*> 1 ( -Li* L*JLaid . ^ jJm j * * AJ jI.Xa* T H.Jl>- 

: ^ J^ *? ■>->>• oi' ->■* ^}j 

a. = {w,-ff.L = W*.-A)L 

■ ^ tj* uji' jj»- Q ,, t(v_j) c-*"^ jj^ii j*i> 

^•■=WW,-^ n ) 

■■ k}.w = kj/kg 

■ t^~*U jLii -U<_ I J* ci'jJ 

{aL ={p,}vr ={pL =' MPa 

jAy Lj 40-1 TWA kJikg jJiy h g _M jL~ ij^j ^LjT ^ MPa jLLi j* 

^y 2 ^—-•-* °jriJ ^ 4l *-— 1 1 T u_iU- j j JL^ ^ \h^ j ^ ( hg Oy? 

, 2 Jk (V—^) <Ja^lj jl X t *1 )-^^ IJ*j (jjl y ^y y ^y ^ ^^y 

: (KJ 1 - 3 ' MPa jLLj jj j 1>o _j £jLJ»l ^ I jl 

{h,}„=X,hy(\-X,)h, 

.-. ymt = X, xYWA + (\-X t )xvfr 
.*. X, = -AOA 

• 3 JJ^ J *i (V-r) ik>lj jl OljJ y> lj k, } y tT OJU- ji iyj p«- 


k}, =x,v K 



oVL-- Uj 


{u,} vv - */*\£sa x -/mf = -/\AfY m r / kg 

4 [zi\j j i il_j j^ • j - y «jL ' j>“ ujJj J-J I j* ^1 y T L*^5"" Jlijl 

: JjT ^ c^o 4 j (0-Y) 

~ ~{mp{v r -t»,)} u = -\/Yx\.x\. i x(./\AfY--/rrtM = +a6/^ k.J 
J—^.T j* o'ly ^ ^ °- 2 '- 3 '■—-* ^ j' 

jJ a-L-J a_ j . > ^j — »£ . jIj _ _ — ■> - jLtJ j I j y*- 1 jJ Jaa*- ^ 1 j 

^y-A L?_J^ ®l**“* 0 j3 tC~*«l 4-> jl-£j 

. Q .»*i —iU jLla j 2 a Jj* ^ ^ y J pji&^A <i *S" iijg* 

. ,^1 •/AAO'V m r / kg y\ y ^Lil yfy^A t Y • . kPa jL^j ^ly _ »_> 

^-t r j- 5 J^—“■ t J-iL ^ ^y~. jJ ‘}-ij p^>- j' j£jy |t> r } w (t> x jy? 

-X r i.l ■— j L S" OijS' I-*—i (Y-Y) <]ajl j jl jl^a I j a ja j j*->»>" • '——^ Jo_jJL»w« 

! jla Y» ■ £/**7 jLLa jlimj 3 ^L-il 1 ^L^Jj-bfc- jl . 3 y j\£ *o 

( , * ■/yy'Ya 

K}„ = X T»K :.x r = -= ./Yfr 

■/KKb? 

: jjjT c—o <j_ (V-o) <k;1j jl Ij {u r } ( , iY' oJU- jj ojjj ijjy' 

( W r} tl =^r« S +( 1 -^r)w / 

-'• ( M r}„ =*/Yfrxr<ir- + (\-./Yfr)xii-6 = Y*rA AJ/Ag 

jjXj J. , 'o l y j3 C-jLji ijS'L-j (^"*Y) <li>l j jl jl^ ^ I j L« Jlijl 

t $ J) jj -U >.1. SX y jit y- 

Q r = {w( w r — «, )}„ = Y/Y(Y -rA -YVYY) = —Y ■ • V/f kJ 

jja_; J_jjy LiSLj jJ . ^ Jii. rjU- “j U^s" tC-vl ^UOTjl 

l—i j—| jL-£j !j o i 45*" jir oC O^^r^r 

O J? jA vl—il —i ^-->*>- jJ ( o 413 ) o ^gL« £ y~* <S t *~ > O^** 1 i£* 

ji j Jg^ \>ia 4j aS' cC-...*<I ^ ^ ^ 3 jL^J jj ^j..LaJ 

. C—*>' ^*-^ > " ( °-^ • J$* ^jJ 

\ ^.jlj ii cJl> j ^ i*Z-Jl>- (i'j—iU jj jjj 1 LtSw ^ 



■J 1 jb!*j / wA ^ — 1*-^ t 


Y-u 


{T,l={T,L={T}„=rt>--C = t>vr K 

<_£t—'O jJ Aj ■*!■— » JT ~ Jj Jj ( -LI; I ^j) jj b» yS** 4 -«l>»J ^1 jj 

* ^JJ 1^* ^ (0 — V) <daj1j lC-..->I * kj y\y 

£ f = {wr(v-s J} v , 

— r- - = \/r x ^vr({^- T } v/ — 

.-. (y f } v , =9/ffA kJ/kgK 

kj ! kg A yjy ^Lil °jiJ L5t-^ jr* ^ ^ MPtQ jl-JLi L> ;Yo • (2 ^L» j 

jl ^ L» . »A. <t\j i oiL->- vJL—^ lC—-1{ 1 $^ j" v/ } S K 1 jj Lj *•) *V * V 

^/o^y kl /kg A ojj j 1 Y A/P# jLIj 4 Yo * C* j j ^ j 

jijj *\/YA^ kJ/ kg K y\y «_)iJ ^ ^ ^ A (Pfl jLLi ji j C—'I 

: jj_jT c —j <o <i j j lj JL-* {m, } v , «Jjj Lfjy’ 1 

y/y ya -f/ayv _ {«,}.', -v^a> 

y/YA^-f/arv r^Yf-rfA', 

.-. {u f } a( = Wa kJ I kg 

il. -»^ a_j (0-^) <* UJj jl <1 *jI_J ^Lo jJ Oj*^ 4 ~Uj tyi <J\-ii>l 

(NFEE XjT^ j) cOjT ^ 

a,= W«i -«,)L 


-r.. + fT„ =\/T(YffA-TVN>) 

.'. JP,, = +YtA/y kj 

1 ■ ■■■'*' jj ^ lj ^ j* J p!■■■—Aj il —s“ ■ -Y* a 5** o ^ jl 

(^LjJ jJ oX-i 4^j^ ^L «£ . jlj jl_X> ilo jlj jX ,Jjj y ^jii! ia>- klSl ii *-y Jjj j 

jLkj j ^ 5 -. Jj C—l iJijjj j\f Aj -l»_^^ r * C-jU 

.ijlj J 9j)Su* <J 

■ ^ \ <ly\j ^Jj^> ^ y (^ 

kL=k),=^w u/kgK 



oVU. - U/ 


rvr 


. c_“1 v/ HV k) / &g A' ^1^ i^yj.1 jL^u ^ t T • « kPa jUL* jj 

— * 'j 'oj-iJ ■ c “' 1 ^ J ^ "k 0 J* JL“ ‘-^ k },„ ( S K j>r 

w> I 7 ■ ^ vl-»o ^ (V— £) <Lj!j Jl jL>^ o .. tf -j T ^5*" 1 jlo ^ 

i X • * kPo jLXj ji jL»»* ^ 

W.,=*a+('-*>, 

fAXf = X, x v /\tv + (\ - AT^xx/ar 

••• X, =-/W 

■ "H ^ <_f* (V—0 ) <Jajlj j Li {w^ |^ tO C~iL»- ji a jiJ c5j 

kL = a>„+0 -*,)», 

:. {w s } [( =-/Wxrar-+(\--/W)x£>.£) = yt^v kJ/kg 

j—i .ij ■-.-f ji jb jj*- «A_Lj 1 L - A ) jl 1 j jIS"" JLiljl 

: J £ iC-j\S ijl.iT^ 

=-{m(u , -w 0 )} u = -\/X(XVU-XffiV) = -rA/A kJ 
j j t s;'-* J r^ jLiil aJ^S" j -»-L ^ jtf tC—I ^ jj^- 

Olj jT 4_T t 

J.} ^ l| — 1 ■■‘i ’^ J -J L-O ji Ji>- ■^5 nj j y& 

JL—* L — »— 1 o ^Jj L»J *£* n jlji ^i-j £j.a ^ j lo 4 «JUjC ^ 

jl^ J?_jL>u* 


jL-Ij 4_S*^ L>- — 4^ ) <J1-JL>- jl L -Ul mi.»1 —« 




k},, * ^ 


•jij ■ 


pu' n = C-jL* jjJli jJ» t T • * A:Pa 


{pk"’},, = \ppC L 


r ) \k'’ x./rrTA 

-■• kL =- 7 -= -/AV\ m ikg 

y/VT 

Un- o ^ t«w^l * /AAOA /w / j*}j*, ^ ^ jLIa o ^>^ ^ 

^j' < L'-> ^ • j j' a j'y* L' J -> i JL- txiL ^ | o f | t( )l)^, <T 

j * /AAO \ YYl i kg j^j*. ^t—sf*>" ^L>- <iajij Y ♦ • kP0 ji Mi <3j* 



jImj / (JL-H 


t5 _L>-b fj j jJ\ otj-j -lJ'L * /^*V ♦ Y m /&g aj^-> j ^ J ^— g ' ^ 0 ' C 
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•^Lf* SFEE (oTy) jj ti^Jyl £lyl L«i Vr' ^yj 
o ^L* £ !*' •••••' ji ( T oil*-) u>-j y 4 - j ( ^ Oil*-) Jre; SFEE JjT y 

: *1* Lf 1 yj *i J J^* 1 

0v t + = /w(A, - K )+ -/amif] - cl)+ mg(z r - z s ) (A-V) 

^ yj LiWiJy' u^>- J j ^“ *> ^FrF Jfi' * cf-'jy j* cr-i 
(L_^ Jlaill) + ( jir JliJl) =* (jjJLil j^j) + ( u~>- i£Jyl j~a j)+ ( (jjy^ 
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OVL--U/ 


TAT 


• (A-V) ji b 

Vi)-X\. T -T6 -xt. t =^{/»,} w — TA6VX T - r )+ TT VTD 

IM =T<\\T/6 kJ/kg 

jjj J.*-* j 1 v"^ ‘ J'ri/- J J ' 0 ' kPa jUi J {/l, } f( j\ -U* b 
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(J-° ff 



1 JL—<^_i ^pjl Lj <. oj j--. ~i vi$<-j SFEE xJ 

^ jJ lj Ij—.A ij^j 1 jKl fl« ( A— ^ 1 )<Jdjlj jl oJ 1.0.^^i L-t ^—* 




*i {(*“> )/«„ } a 


“JJzr" 


•=K( t -- t .)- + -^- ct J-L 

.-. o = N/. . 0 X N / X (m/V - \ •. •) + ./o({(C r ), vc „ L - V T ) 

••■ |c T L) w =m/T m/j 

vi—o 4_j (v^ a-LIj) cJl»- aJjIw ji Ij {p r } ail . , yrsj*- jj l y 

M„,r = {pr RT r} wr 

f l VO X \ . 4 . . T 

•'• \Pr U = -= ■ M k S /m 

r av x \r f/v 

:L-i^K,) r Jj o Jyzr* J^ a *' (A—T aIxiIj) jl 

KLr ={PrC r L(^„) r 

•••kJ r = v 


: o.l, 


= V-f\ m 


/& xm/f 

j*~ j* Ij !>j» 1^5-**^ w* o_*j «jL»-l oj i ojjL (A- ^ t) <lx)lj 

c —j <o jij -c {(C r ) w( } wr 

„ jkLl 

’* Key} 

IV r //.irwj Jt 7 ;r 

■• feLL-^xm/r^rr/A m/s 

i C—-I Jj*LS" ji-S” Jl—-* *-S~ j-i j-jl Ij t sjjjjJ* 1 SFEE -CL. I j> j* 

: jjjl o-j * Kr,LL a Jjrr‘ i^rjj*~ Ij* (A-U) iklj jl o'y ^ 

-K(n-nL+-/«(c;-c]LL 

.•. •=v • • 6x \ / ({(r,)«, } ir -'•••)+• /a x ( rt ' r /*’-' ■’) 

••• KnLL='»vr r 





ji t_j_* ^Atlj t ijj jLiiiil 4_f jl*A 

. 0-1 «il \y* t L>i-> 4 k -'“' 1 ^ *^54 Js'Jj'J 

SFEE 4twlj o^L, A-H 

jl OP^-— j-L— OpL ijS" 1 ^1 a.& \ Ol j\ ; -bL — i l5JJ ^ JL—* l5 ^•) 

0^-3“ Jj ~ 'J — \ J t Cl — I ^jlJl —>■ Jj IIS'fyU-rol ^ jOl* O—jj C- Oil ■^ 

tS 3 j? s. * 4 * ^s. 1 *-■ ■ < ^ ~ <■ oVL— jj . i^jj 

jLi j?? .1. j >■ JL- jLij l _^o OjLp 4j l jjj jl5" ^ i 0^^^ obi j . “C'l'Cu 

^Ub ^>1 ^ 0-1 j.1 i -US*' J***p ^-»r ^S** j~> o- L a s* J >\, *AjLj ^ 

**£ *^ • -J—jil j 1 ^ JUiil jlJJL* j JL* ^glo i JL** 

^ i_*j /* O ^y j2 ^1>-I^ ^£j jt\ J U/ Ol^Jt jl l JL^li 2j >-J iSs.U.^gl 

i ^5" ^ .Ira.i ji i ^ y—> i» JL^ ■««* aS** jl ^j£*+a i (JL^ 

! i nI^* slJl^ c ■ i^«l (Jlfliil 

&T = ° ^t = ° K = U r 

; L C....J j*\jt (A—0) <Ja;lj JJjU i, SFEE (<Ja^lj) 

p,u r +-/ac; + gr r = + - / 0 C x r + g 2 s 

^ ■ 't -*"- 1 1 >) jjjt ^\_J 4_J . kl— d*Li *J^LjC*I) ^ (A—T^*) aIojI^ ^1 

.C—-I 0-5\j SFEE ( Jajlj) J l oJ j 1 J 4 ( oVL— ^Ap j2 

L C— ^i\y* jl ^y>- J» Ul i A'..5" ^ ^J-^>»J lj ol J*\ ^jJLJL>- oVU—' 

a_j *0L—»* kl^vj ^ lj (^^->1 ^>-1 j* t ^jlT 4j j ( JL-j) o^_^j cJl 

.ijjl 

: ^ jjI j z, = z r t o-l jlj»- ^ 

/7U + -/0C r = OjU 

: }j^ ^ <Li.y y j *i *^.b Cf) 

p + -/fipc r - OU 




- u/ 


A U.lj L J Jjhi Jiij J^u ^ 0 y J^* 4 * J C^^* 0 J^*" 4 * 

jb L*i c JJ ji Or-r) 

^L. jtli + j jLli 

/7 + ‘/C/X7 r = Po 



4j jl^* <l£o jl JL- ^ jl£*j ; JI o-b I JL-r* ^)lj>- j^ t aS" jijJ ^4 J\>- 

jSl* 3 0^-* 4j jl^* jLtj 4 ^jJLj 1>> ^ Jl—* L*l 4 -^jL» wUhl^^ 

. (A-r- jCi)c-i 

tj\—ij>- — Jli j*-^ 1 tj ^*IS" A>^**j *jl^P Aj— aS" -U^iU AJl-Mi A*^j^ ' «.3> 

: 1 c-t ^ (A-V) «klj i jlT Jlisil j L*/ jjJL, jlf ^ ^1 

.=c,(T r -T,) + ./4c;-c;) 

.-. t + ‘-^—= c-B =r 

s 

S*-i a_S" a;j? jU* . c—IJL-. ( Stagnation ) JT ^Uj j JL- ^L. ^lo T aT 

j I si,.. «*o o oV-^Lm ^"_.t...i j^ Jj li aT sl^.*1 ( j^La< ^Lo 4 J-i ojLil (Y—i) ^jL^%j jj> 

. ^ OJyj jlS^ 4j j ^ojl-\Jl sl.ia.d -> > Jj aT si—-1 ^ to 4 .JS" <^L#J U1 4 }jZ. 



J\.jr liU-UjIy -pi* J~ai 


m 

L>T a jT j^jLj J^-Uc^ = i/"0 kJ/kgKL\jj> ijjlj-j Jll* 01yp 

. <sl-..i^l laii l »l><L lo nifs Ljjij O-paS" ^jL*j c (A—^1) ^JsjIj jl ojIai— il 

JT ^lo jl cobL-'l t VI C-ajIj i lo ijjS* ojiJJl jj Cij ^ ^ 1 p L 4 Ojj-* y* 

■ l 5W*~r* r~t. J- 5 lS 1 ^ 'j O'i/iU. ji 






JIm sjS j> q( ji! 


j i jLy il>_j-V_> J-j I j* jJ Oj_j—< 3 <t-< I j bjLLil j jlT o'_>j ,y j 1 

J^LTl j JJjT^i _> J j-* 3*^* lS^ 4*“y * |»- '" y jJ Jly ^S” 1 jb o^y «&T/ 

<_jT jLi^ L JaIS jLS' ^L) Jl~- ,y l&* -^1 y ,y j~f 0 *?, ji* J J X ^ tAi * ^y 

<■ ! .,■■ » , ,.-» <j L. »...» Jt o^y Jly l S^ji ^ <j3 3-) 1 J^-S” O jy^ ‘ 0*“l 

J—il_^j <j»-y Jib “0 . C ..*1 ^qa 4 -Aaj ^liil *t *- 3 '*^' ^“yr '-^i fly^ J j 

'—;-» ii£-j jl -Jl ^jb’ - ^ 3*^ J ^ Jl ^* jjibjL 1 JL^»»j '^i ^i »IS”_}y J J 

3 j-l a'-S'jy j J ^-^y ~^_ j <J-^y.i ^-*j fy1&> '&. -Lib 

,_y l_j-»- jj jLi« *-1 i j &- m i b.3* Jlijl j iS^ji 33 ~' 'jij 1 ijiJ j Ljjj*^ t J jb O Ly I 

l_j Uk <J_jJ £j+j*a ji JL* t a jL t yJ»S- L Juj"\ ji yjy- _j _} J Jly 

jrt-t <■ J ^ u—'jy j*>* J-’) J j ^L>—b J^r - j^*j ^ ji 1 J' 3^ ''■* ‘-*3 tf* j^y 

ui L y* ‘ j'j-* 3 —“* Oi 1 j j , ^-— 1 



- U/ 


Jl^* d^j jl JL- JL^j^ yjI ^ ^-y ij - * 1 * J - ^ ' *^ljl JL y>r ^y <Sjz* °jl-bl 

v—. w>- lj ^LiJ /^-j I jL j ‘/7t j d. - J o jZ j\ji dL^v <5 jjp* t ^j-* 1 I j Jl^« 

4 d ^5 "ISn \n,&\ ^Iaj jf d-- L *j jLii 4 ^j^l_^>- jj 

■ ^ uM^" 

4 JL—- dL-p*jLjL ^-1 . a * d ^—j JI^-Lp ^—> 4 d->-jJ d— m^Ll 4 ^j^ j- 5 

4 -LL • JL-j j9? X*b>- ^\a ~M iSJJ j'' JL- 1 ^‘ JLj j* LL-»jLl 4 I d .A.AV - . -Li jK* 

^j->J j d.JLJL 4 JL —* JL d—iTs_JL>^ ^T1—^jyJ d$J Oj_^s ^ Ij j 

* {j* 4 JL- jL>j y <_£^Ly ol j\ ojL 4 d-*»jLL* 

d-^j —•* d^—i L -L*Ls^ ^jS - "L*^ jj-* df^—> 4_> *jT 4 -b j j—L> lj JL — dSj jl ^Jl^- 

X*L->- {£jj JL— dT ^Uj . CJxj^ jj 4 CJy.^ (olj l JL^^ j*m)\ |*\J c d-a^-I^S^ 
d-j'j —*** JL- 1 jj aS' J—Jl 4 j ^la— OjjL«^ ji JL— dTjU jl —j 4jV 4 -bL JL 

«-> j * lJ -L jl jJ ^ia - J^->-j j? L" d—JL—-1 jl J> jjj ^5^ LI 4 C-—I yL 

^ l^L j <Jl._ j (_fU 4 4i-j?li 1 .Aaj ol^t jIj l i jL i" c-y-- L d■ 

L>l jJ <_r l -LjT 2j->-j ■*—! C—t-J—>■ jLj jljS" b C-P^-» ^r*"^ J Jj^ii (_5_)j 

#J_*U J5Li)« iSjj-* oV>i *S i j_j5* ^ c :s Ij 4 yl^ jl Jl—- d-jC’y-* 1 

J L»i' 1 J^r-“ L.^ j-* (J;—''y^- 3 tSL^-.r' j 1 cs^y lSW— 1 4 tijy-vV^ ,yJ J- 3 • 3 ^ 

oLjj^-ii i tSj^-* ^-i*^ j' t_y y— lSJJ y <S}ji ■^■i^y • -b_^L ^ 

<-t -l_il_jJ L j-« JL—- 1 j C *1 4.. t i. -> - yUi LL. > -jJ Oli L>- jT jj "kS” (_y o-U*U «jIjA 

. xT jtij Jl o-LI Ojjn^> 




(^tjo b <Uy d 5 u ji 

• ^y- 1 ' ^ J^-U jT Jjjj ^y 4 .^jL o\.j*r ^ yy* k d^w ji jL-» aS' ,^Lj 

. »lL ^j-j* ^Ljljjl JLj 3^ d—^_>- j3 4_ L^ ?li L> Jl d-p*L^«^ L^»l 4 d..***l dS^jL jL —j <iV jyl Idul 

L JL j>- J —£ *£ Jjb 4j 4 J pfc <1 jS" J J 4 I J»LA L JjJ jl {£ Jj* ^Ldl 

*^"L-d I ^ >*■* L <J^J ‘Lib 4 ^-»jj ^LlS ,r JL^- JljL> aj Jb_^ j^l. ~*y** y l$jj* 



^ <J> Jj* \£^ O ^ ^fT (^ — Y) ^Ua** i a\j} ^^Jj»- il■ ■+■.«.»J . o-L^» 

. t -Vjl 



C = Cp S «stjl ^b ^ 


is)* +y t \jjs *1 


C 

*ii 

wfl£lv*l j 9 J^i pH^ 


u£j«J jb^AJ 


J'j' o 1 ^ ^r- i £lLxmJ j\ jLy-u 0 *XjujJ i j »3 45 * ^Jj-0 4 j¥ *-& ^ 

. O^mJ jjpO 1 Jub 4^b^> *XoL> tj53J ^Jby<J ^ 0^°3 3 * jJi-S* ^Ji C, s 

S— ^ tf J 3 J 3 


^ mm «jJL *JU*iy bLalf J>- 

, I 

£Jjjit djjj 0 jljdO dj t_So J jj jl dj jJ dj Ojj} jO dj djjj i»£d j«S lS j>° *»¥ ^-Y ,J£-i 
. Oj-Jj ,ja diilj Aju*iy blolT . ) JliT ^ Jj Ij djjj flu flxjtjjuj t O^i (jj 


oiu --\*J rrv 

J C -1 ( ,. ;v 4 — 1 ^jjj j <sl- .*»^ i-lii! i JL- w^pL*j 

JL—> <0^ L»- jl jl . ^ ij>* ^ J ,^j>* 4^*l> ^J"— 1 *y ^A*l5"* 

^_o ^1 !* « •xjS' j~b\ jj> Jl~* j vl—wl L^ i aJ^J t^Iz^ 

^ rs j' J j—- ^ nia\ L ^s* J* *-r*r! *■ J -'V j* 5 J**r“ 

i —>Lj j*r lkm f- , - > vi ^—j ^ t a)^J j} ‘OL 4j»—»ji ^C*I5"* j Jjli j~t* o j* • J> jj* k 

j\J~ <J^J J ■—■■* J- 5 * ^ <? 1 j2 1 J WwJMj (A-T) 4_iajlj Ij ijljj 

* ^ j*. 4 -J-*** 

'», =«', = A(A.U\ = AOO,C 

• fijl J ki5«j ji Jlw ^S~\ j 4 Jj 1* o\^r S^jt W 

(^«X=(^«), and A=A ‘-C S =C X 


////////////////// 



$ C*jL> C<C j-w 4 fft « & -■ «-»<-£i, jl Jl***' (*^l y cfc.j 0 : <s^y. • 

Ojl uSu .Luv jj cj j> vjJLx* \S l£iue1 tSijy ji*3 . Jjdi Joo> Cull y> <jJO 

. i^^ut l jOJ 0I. T . ' »-c J U *j jJ jLij 


TTV 


JL-* ^ y- O \ y\ 


4 Cr-jLj L " -^j j OL ^_o JaA>- j^ial* A) . ijb ijL yp- ^>- lJ j ^ d5^^law?I 

* 

1. -Lili Aidb iJUli JL-* d-5"y>- d.^p^ j «jlS^L i_ aJU^* j jL~* y 

ijT (jLj^- c <JL ■* jlJU ji d L ^Ssj^ OjLp 4j t ddL ^jldj <_£jdf*j d li J 
. jjS' ^!^>- ^UlS - * Ij dS*'(^ — ^) J^LU* 45* ddt* 4db ^j^-j a)^1 
■■* c~p j-*- oloi j5*— c—-i ds* ju <s'jj-* *^y ^ ^l>-— jjj 

4_£j j+—> . d—d 44JJ L Aju ~*y M*LT idJl>- ji ijljyp- d-.O L ji d~Pjti!^5* j! 4 ^^1 ?jy 

C- *1 Jjj ijji—li 4 ddL oL» d»^ >■ j^ 0*f jl (_£^*-5*J,/! dj L ^Jj j2 dS*l^la-^l 

. y" - -^1 ^lS* jy 4 4lllj Aa -^y ^UlS* jli y- ji <J ji? jbjt jl *3J3 <Jji? y*J* ^9 <JL** jldl 

j t ♦ 1 * jl j~ -y^** { s" —^ odd s^fl—i yo V— ^ 0 4 Iflilj ji 4-5*) (Jl— j-OjJjj idp 4^ ^»l*j 

4-J yj yyu <1 oj\j jl l ij 1 D ^Aal A> C*..»-J L 4JjJ d^j ji 4 EL t^JJJ 4 -dill ^ O^i^T 

: OjT c—i 

EL = -/.p6 Re Z) (VO 

d^j^y Ja^ljd 4 Xib ^yyt+AA o\jyr j jSjy JU- J 

; d-JjLi 4 jl ^y t>Uir Ja^ljd ji Ul 4 d—I d^iyr <J>\j* ^4^ y* O^A 4jUm* 4 jy^ ^ ^JJJ 
I jS* LJijjj Jjt ^ 1 j^tjT >JJJ j ■ *y* y ^UuJ y*is* 

!>ULr jL »y 4_->-U ^Urnjl 4j 4 JjJ ^1a— Ij JjJ Aj iJjJ ji JU- 4jjS** IjJJ 4 


. Jd>u d~P j~* All L Aa«^ y 

Ij (j! t La 4djS"* ji ^dxi 0 \y \ 4>- 4 d—-I a aI^J j2 0^^»- A—d Ul y*A jL^p^- 

l—A a)j 3 ji O'i/L*- jL^p- ev^»U^Atl 4 ^S' Jyi? A^ 4 Zyj Li 4 dlS*" y O-Lp^ 

j^ijL^J j^La jbj-d 4 oJ^-jj 4_Ulj . dl—-I ^ys~** J* L ydjUjT j L jLi>d Ojj-^ A» Ul^p^* J 
^*■■* J ^IjT 4 dl*«**A _ Re -j-0 yi j ^iAp jl^J v_. ..«>■ y— f - dS"" l^k^gl 

. dd -L-aIj*-A^JIj J--al ji OUy»- L jbj^J 1 4 d5" ^ Ij jtjsr 

. J'.^A jb- - ^ WJ=>* j U aJjJ ji dS^d^ljjl IjJ j 



Up**' — U> 


TTA 


Y jSKA jl 

y L> Lj& l ^Ljjli tjL^*- y aS** UUUj U yJLj 

^LaI ji — .la* O^J ^\ ^>J L .***** JUjL.— iU — jIj ^..»<fl*) JLI**^ 4_$1 

«* U.lj ; ^ 3 -** o.sUll-•*! j Ui j! yS*i a 5T -L&^ olUU i > j ^> L*j 1 Aib>fc«<XI j ^Liai**-« 

J^U> Jrr-' UjyJ-> ,*y y l$L* -^/ ^ <y*y <5^ 4 *~ # y 

O jj—& jyl 4 —; y- aj) jt* ^z2 aa L 1 j>yA y J^lv« yiai . J-UL I^>-1 

t J^Ljia ylaJ . 1 ytyA jt pr~ * * 1 £ '—i.j** y Iyr*^ ^5-^y O^-Lw* ^->j-0 J-^l*- ■ ■* 

la at j ^o^ y.j^ aj c jji—** p la~^*U U ^*..1? ^y> jL—> a5^ 4 1 \>s^ y* <s^ y, y <y^ 

jU^>- ^L-*^S" pi * *** * y **—S"* O^fL-x jl ^jL—>. C—Jjli ^L|jU^>- cf u 

^1 j^ym ‘*iSs_> ji l^_j t j-£**l J ( ■-* *—>v T—A Jli* J-5 A^ 0^*) -'•..^Ja 4 Jjjlj 

\JL>- —j l j j . C « *l ^LVaT .. 4 U l* l 5*^-^* '_^ 0 ^ k - U^ li AZ-iij jL^>- 

. C—>1 .__«ll> .■■*■ ■ Jjljt* Jai * »iiH 


4»j cX> ^ 53 j ji JUj Ok>> \-T 

^jjf ^la...^ A>*i-^s iSJJ jic,, w^-ly^sj 1 iy^*j 

A-_J j! aL^U L 0 ^ iJ1-a^>w» j j~* A > ^i.^g ( ^j l-Liii aJ ajV 

* -U-U | ^aJ ja & ^jA j^V C—. ( C-w^l oJU- ojlj jUU ^ — £ J-^ aT jUa) -bl) 

. j-il C w . AV/. ^1^ tC c ju. ^ aT -lT 

U .xi 4_S^ 4 A./a>^ .t.< hLaj Aj i vjlj j ^JLp (T- n ) aIsjIj ^UldO> 

a.- > «.a. ^ ^i-xjjl ^jj—* AaV j* o'uj jJ^u j ^jjp i 1 , ijl j ^U; j 1 U JLaT c.,^1 

^-Jj ^1 j 1 ijU^- j d^>-j5* t C-^»l A^ijl^ jLy>- UUpj~- aT 

- C—^ y' .’ U j juJjjj j c ^1 ^jy. a> *a« ^ °*ui J? aJL^U ^ 

U U» tj ju^Lj (i^-Jl j>+j j jJ^bj ^ *xp)) ij j I aT twU* 1 -L&iy~ A* ^j jJ^u j 

li <1 <_]"*■£ »-b^l j>- t y i y* JtmM j~* a» ■* jj ^ (T— 0 — 0 ) 

jJ U u ,j-* o1 a) r*-fc A^V i^l-w*l>w» ji ^iul Ifl 




L1 ^ j I jj Ljj . jA» & Arf l>- 0 I j i >>1.P (yi j c -L* L Aii 1i j Jb Li 

£>* j-'J L “H W y^j^ jW-! ^ «^t <• jj Ji' j' ■ »L--1 ^ 

.•Aj5" ^4 yP j*^ t^L L LpI U-b 1 ji <j 1 ji a 2T t i j-£< 



Aj jljkT A>. > U jl Lol « C%wjl |i!jl IJlJI jliA |^jj jl |^j^o A^V 

. JjS ^mJU 4 ^jbj> jjJjJjj JJX Aj AamJ 


^A i_j ,J ^ ^LLs»l 1-^1 ji JU* Ij j -L*L ujL^U L -Ui/L j^*> t a-J ^1-UjI ^$"1 

<'—*>-11 L k cJaj tA>i JUt> ^1-Vlil jl L .XJljJ ^ <S J J* >• -Lib Alib 

Li j 4_>»jLa> A-j <T c JL—- C . — jL ^>- . J^jmL j—• J^i\j A>uL^ £lLu* Jj>-J jl ^J y* A^V 

Oj-Lj c ^jjA <»y j\ j* A>ii^> iSjj y *j*~ LLj j>* <> 4 ^ji* ^ c y <V| . ^ 

^-J jl ^_e-l — ^\y a* *&r y a 2 T L ~»*1 ^ jj^* a^V ji A*bl a>ijL^ jj-&*~ aj 4 >^y 

j ^ 5 —^ y i$l$ «Lj a—S"* C—•*! ^ j j —4 A_iV jj la a# I j t j jb C *«jbl — U—i#L L jT a!T 

V r 3 ^ J—* J-^ ■ ls-* 1 v-f 4 <>t ^ ^ ^ ‘ ^Jjt 1 

'. jl JJjjL-P ^ ^-4 Ji A_J k ^la j^JJ J» JL^< kjb^>- 

iljT jL^>- ^J ij—^ ^^-4 iLvl vl5^^1a-**l ^j^L j ijb < L.* + . *\ C*>-jJ jT ji aS" t ^ 



- U/ 


jT o-i_ , i O 'y ^y* I j JL-- ^ i ^ Jj J ^ J ‘- - .* ^ ^ 

■ V lT=V 

■ ^ j'-i ■: t£jj-‘ *'—i^ 4 \Sj'j^ ‘SiPy^ 4 : Jr* J 4 j' j j 

jjj ^LJjS' ;Lw <Lsli jj i^J . jjb -' -r-*' JjJ t C—■' J* ( _ f L* X»- <J^ j! Lr » i 

jl jT jLj yr J l.i« Lj i X-3 ■- j J yXJ J 4ja^-t>b Jjli j <3 Xl y ^y* 0»£ jl 

-)* lT-^*^ J- 2 * L5- 4 L5-^jjH 4^ j jj ^ 0*- 4 Oil *£ 4^ 

O j LjJ^p j 0-... *l s-Ls^ji jLw 4 £tla^ ^ Jj J. <$J j* JL L j-^»*»J . Ai^-i <CJ j5^ 

Ij-j j c 0—*^1 jS 0 -5Lm* ^1 j I Jlx ^ in1—> ja» 1j y_£ jj—Z JtaJjj L* jb ^aI^JLj L«J I olp^U^i 

\j-*r I ^ j-^m *jL_iy>- ^ 1?>1 j Ol^ bl 4^jj jlS* aj J1 — ^) aJs^Ij <jl 

. 2jZi A*>-1 jA (T—^) Alajl j jl 0 Jw4 I Q-.«Q 4 j ^J^>0 ^Ub aJoJ j 4j 4 CJl>" 0^ ^ ■ l| - -■•■■’ 

Jl—i otA^» jlx <l-U<?U j_a <_£ jy-* o^ vO-*L3*-*3 <_5^ 4 <J4_-Lip>Ij 


; X- 1 y)y. 4 XT ^ 


6/fAA- 


C—*L>w 9 I j 4 4j\JL* jj\? 4j 4 Jjii <1 ^ >U 4 j jjJ0*iJ jXp ^ j^1? O^-* 
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j b jLli ^Ai^l ^ t jLii j± j^S £-~*>y ^ j\ -Uj c5 5L-L i ^jyjT 

jL^>l A \&b lj Lj y&J jLLj . kAlli y^-l/ Aj I A* Irf biyfij (^Jy 4 A*V 

* **- " ’ v-jL$ Aj j jA**? t o ij .l>*l ‘^rl'- b r j 1 Jj ‘ 

l _^-*Lj o_jy 1 ^(a a« jji t jO JL- l__^j i -JL>J (_gL -j 

• -L^i l _r**(S" (j' Jjli j_^» <u ^JS’ (jL- 1*1. C-—I 

Lj 3 Ij> y^*>\je \-T, 
jfi jj> j»L*>1 ^-1-N 

L-f^r ‘ ^/j J-S" lS 1 —■- lSj^ 1 JJ- 1 ^ t jb ^_{ i*—*«r tSjj ^ 

OjJ_^> A_I j l( ^w-Jiy^D Aj 4 JL*j 0^-LP OjA Jjlyrf 4 C-^ j>- 


: >j 



JI— ■JL-Sjr- —Ij}l 


jJ (jl—j L$Jj? 

j jlJb 


C„ = - F " — «-A> 

.4x./0pC 

+ i^jLii (^1—- L. 0—1 (jjL— jb f —*r iSjJ J? cSO iS)ji ‘ ^ ^ V 

0»-L— • J!—— I <■ «»< « . 1 .« ^)«— 0»-l— k /i 'ill <kilj jj . ^l^U.,^1 jjL— ijjjj 

jljl jl^*- op l JjIa« ‘S' o—>1 4 jb j»..»3»- o^ j*» kC j Jl— Jl^sf p j jb ^ j'-~* a r 

.0-1 Jl— 

|»- ■ "» Ok 1 ~ « > VA i^l^-1 l^^yj k J^l ^-Ip i—■■* » >» yj Lw 

•*-; ^ c -^. j -kJ^Jj J-k—P jJ a ,n*< mi* Jaj . >yS l' l I J— kjb 

• O-' ^rl'o •*“; Jij ‘ <£■)£ JJ J -* <jlj—I . ijb jb ^ 



t^k jkyr 

y~* ^ 

Cfs 


g O y .. j j * “* * | Jj jiji! kXj | l ^ Akl 4*J k — Q— 4> J lm j lij j i n^ ^-lf J^ J j 

jjIm— ^b j_j*i j i_SL>j5" JbbjJ Oj <ij jSfXa j OjljJl i jja j-Ol 4j Ij jyi 4 jV ^>|jk> 

• (j* 


\-l JU* 

jj 0-1 j_» ji _jjb j l-iO t_£l* K* km j Ij C—*1 t ji C*U«P 

0 I jl Ju\—> *£ 4 ^ ^jlj 0V* * Aj* <L*w Jjli j*P *U»-^ 

t_£jj jIj Jj y J* l*jT A /W ^^JcU (^— ^ 0 J^J») l 





r 01 


C*jLj*mj L$jj ijbj^>- ^ 4-f 4 >J1 — .«*>! ^SSjS' Cjj^. ^3 ^yil—>- (Jjlo 

l ^_a o^—i^r - l5^j— J jOp c Ojo oL-^j j' “0 j^j . Xl!>* (jj jL*^>LJl* 

4-t t, 1_y-* C.. j 1. 3j-i J—a!^>- N/V* j-jI^j j <I^>L-j Lj s^j«^ 4 C-~*>l ^5T^ * Jl 

j_~-j 4_/ 4 l-^j jjk <l> ji t ai^ ^ \A^ '~°kglnhs j VT kg/m r y~£y 

? J-aI^3^ 



T**kg L> IwUi. 


Jjcl> ol»jjij> v-Sj jj‘ X** kg jjj^ b lax 4iwj ijo ^-f JUo t 

^b Oiuj <U iJjil jl ^1 jl JJU d^A Ijx a^uil ^JD 

! ^4 —*'i ijb^>- b 4 aS* D J &3 Li ^LlA* C-^-Lm** 

A :s = ./ra/rD T = -/rD 7 ix a t = o*/r w T 

j_jI^ t -US'J_«-p jj< L U—- a_> jjli Oj_j-^> u Uw jjj uip *, F n L_j iS)j^ 

• ^ ef* 




rov 


JU— j>- wjIjJI J-*»i 


F n = r. -x va'i = mr N 

• ^ jy* 3 <yj <; (A-A) ik;l j Jl ojli—1 l t Cyj 1—i 

C = - F ‘> 

" Ax./cpC' 

t '-•■■-"' lJ — &jt- L y\y Jjjl £ jlaj jj L 


: iy yj ^>Jy* 



mr 

A/r =- 

• /ox \/xC' xci./r 

.’. C = A/Y W / S 

—£ 4 •I**!; i—5^JL- j J l jS' , L*i - • iS^J ^45" iSjJ^ ^ ^ •Juy** J*. Jail j** ^5"I 
(V— ^ 0 ) J_iajl J jl ej'a ; — I Li A/V m/s j— Ay {c py | U(J . jlJ l <JL ^3*- C-P j-« il^l jJ i 1 j-J yj j 


= {pC s l L D 

M.„ 


\ / T x A/V x A 
VAX \ . -a 


= WfxV a 


jlji. 1—i '-yty* oT j-> <5* C—l ijy jJb 




'j* 




l*L*>f jb Jst> 

O j^ L-jl J* JL -LJli ; iSjJ j* ^L^s- ia>- 

^L* 4^J <L_lu^lj jJ Jl Jj^L L ^-^LL* jl JL (_£^/b Ij y ---j OjL— JLpL 1 yk s“ - ^ ^1 

VLj JL tfjj jLli j L—l jl <^L jj JL- Op^— . -uS" ^ t l$-l j 

j -j ^4-5^ i ^j—i ^ j^L_| iSlj? jUmjl L-pL J I jj—L JL jj jLUj 

.(^-^*\ ) o—l oS** j>~ o^ 

0 j-j) j ( <->)*£ O-Lp L— ^ jj / i L-j1 JL ^1 ^ 

jJ 4 ->*j 1 O Jj—*& 4 Iw L-^> .■ijjl^ lj^ J Lw wj^ JJ ^A 4 ^ 

- 1 O jj~0 1 4^ ; C JL OpC/. 1 'y 'r-'.r ui J ‘ (^ Jj . J 



tirtL-- U/ 


j jL!L» 


-•■ Q=- 


Ax-/C>pC r 

<->j—*? ^ 4 ^ C>^ 3U *" ^^_> - ‘*'* ^ vl-»-l—• 

I wXj .(1^44^ <J \J s^r - J ^ jl f»• Ja>- aL^U) iL.,.*! jJ (L^j) (jT ij^b 0 jlJJI 

4-jjlJ 4-5"* ,LL*—|» — 5 " 4^ J jlij 4 *XiLi 0 wi-i ^>-1 ^ 4 ^ iS' i 

■>J—- ^ la3 r *{ J Lji^ 11 V J- 5 L^y^- ^■ iJ ‘ ^ ^.Lr* 1 

j->l) -1—'j I^1 Alail ^1 j hvIj*' 4iJ^ ^ jL j lJL-j AJj? J ^jji 4^i >H-* J 

(^- W (J^-i) .xS* ^j* cU»l I ji 1 _jJ 4$" (jj-t ^ o -L-*tj ((<C^ m »ii 4laa» 


#*** k53^ 


y+*i y* C>S y> I f^S .JU-mJ j 



Cfs c*Cj-*j U JU*- c^I^JJsj jjt j> 


jlm 5 * cJ^j> / j * * L u j' ■-* 


^jLj^ ix> JuuLk* 1 ^SLmjUjJjjjT ^ J n jL o (^VLj JL-j ia> J^ 0 *> 

,j 5 j *j uSu j JLpj jLLs i_£j jbul 4i*cb 3 4 " <. u .i ^jSL-oLo Jjjil £ In a 0 jO 

. J 3 -I 1 jj* jjVIj 





U/ 


' Jjjl <0 (^—^l) <iaj1 j jt o^Li^l L Ci Ijj s *^.j^ 7 


C,. = 


/I x • /dpC' 


•'• Q = 


Y----XVAY 

>/oxv\ox\Y* r xro 


= ./rf 


! l< 4^—1 jjljj (^-A) j (^-A) Jajljj jl 4 C ^ 4 Uw \ <j 4 C j i Ijj 


C d Fn 

„ >- XVA\ 

.-. /v, =-= a>vo jV 

\Y 


= A\VO X Y Y• = ^A'i JIFF 


: ^ t PF tlw ^ Jjr j ^ *-&■ ti'jj jL! jl^“ 


2 ^* j- 5 "' ‘ ^ cr* j'jji' ' r * m ! s y)y. ^ j 

t j j! J_i c ... > -jJ i^a <5* o I Jl j j-iL ■c-iljJ i u*^" 
jj . i_j—i* ^ jl_j^_i c.—j jj L_wl_y> <S* j I J?j«i <0 c —LaI j\J i_$l s-Ujj 

4 i I $ JL*w 4 I ^****> L*jI y> i jwij ^a 4 

• s: -~^ jV J ->_>-* j' lS 


olijir tSjt? sjiJkif W 

^TJJ ^ 1 iirr , ' s V J - i 'j ; ‘ ^ y. J Rl 41jVL- ^J 

£jl« (>js^ j J^S"^ (_JjjT *Jl-'jl Uj»« 4 i$M jJ Iij 0^ OUjU .J_^1 4^»jljjl 

,(^ — ^ -LjUJ^y* IJ jj>u«« oL*j 4^ jJ eJ«i 4iiLjl 

4_> LJ ■ >-. ‘ - fT Jj_t —*j O-L* Ul ^ o.a L a T-. Ai 1 y* LaJ\5^ ^j*. ^ 

L-# 0_^->v« lL^Lj ij C-a—- l 4 Iaj\5^ *jy* j^ ^ tj'y***** 

j <Sj^ 9 4 oL«J 4 !^ lj j jlli j p^*" 












w/*L- - U/ 


ru 


‘ 3 - L ~ ; j 1 J- 5 (ji 1 J 1 ^ 0r* ‘ i>.' ^ 

ojlJjl j j*j* <i jU jj jl . 0 *%*j J ^ ^ 4 ^JK* il)L*J J* 

t jj-JLla* iSjy*' °j^l <S^~ ^y*. ^ ^ jl o^Ui—1 L JL*- <Sjr*’ 

. ^^ jlfT 4j i jJm y Vl» ji aS" 


t^¥f. S lytldl j> < Okj^ cSo jljJI ,JjLj3 ^-A 

O 1J W JL—*- jL j»- O i -L-i o ^j—-i ji 4fT i i n _5^**'*'^^ aJ^Ijc# 

^ ^5L. (i'j-i. ^ -^j—;_/■ 4 A m jijPr ^jf- ^ak» o*-i~* j C op^ i p 

jl lJ —* t y}* jJ ( Y cJl>- ) £■’j yr- j ( ) OJU-) ijjj 4 jL-< j'JjL y"-^ 

: jlf 4, Ij (A-r) iiajlj 

w, = p s (A x , ), C s = m y = A (^„ ) r c r = m (A-r) 

jT «X;J >i^-i 1 j-J.ji y. • -t-»1 C—-O 4 _j ,, ' — La J .^3.1 A 

. fLA 4li!jJ J C.lfr <J 4j^S* ^S"" Jr 1 I yj L i 1^1_F 1 jST*EE 

(A-T •) Ua^tj t yS-'/ f- —- j' £Jj-A> j-i ‘ >»- *^i 

• a ~~*y y_j ^jy^ 9 *•> ~^^y ^ 

p T + ./oaC +Ag2, = a +-/£>aCt + A^ f (A-r.) 

: L c—•>( yjl^C T L y»-JJ>" vl_p(A-r) iJfljlj Jl ajU^Fil L 

a(^„Xc, 


c r = 


pX a xX 


c = (yg(0>4 1 Ag)- (a 1 Ag) + fa - Zt)))~ 


; C—ib (A—Y ■) 4jft>lj jj C T (.5^ J^iW - ^ 

ft->0 


(((p..(^,v).) / (p,{^xv)j)' ' 

I Jjo 0^—^) <dajlj ji rt— \ ♦ ) <dajI j jl ^1 ^ C N jSjl>- L 

• ? _ pMM 2 g{(P , 1 Ag)-(p ,! Ag) + fe - g,))) ,/a 

(((Ak,)J/(A(^l))' -\l * 


«->0 



JL~ C-5”ol y\ 


nr 


: x£ ^ ^ij <j l j JL^ ^yr ^ t l j 

* ^y** ^ ^5^ ^" , 1 d A - — ^ 

. -Aj^-i ^jjT ojl-Ul ^JLil Aj JLiljJ ^ aS" t ^lafl.< —X 

. «X^-j <S ®j1*AJl ^^>"1J ^ *AOl y aS"* <_£2 y*S~ ^I^^LiijI — V" 

«jLjj^ j ~*j—~* {jr A ^^?*d i *^- > '^—*—* j t ~*“ ^ ' M y <i ( p s — p y ) JL —* jLLj ij* jLi»j — 1 

« ly* 1 <_£ j*f Ojl«X^ jULj Li yAy\^ <,i^j Li Aj <Xi^J 

,U-iL dU*^ vi£j <S^ y, <Sj^ a J^y) < “^i (^ — \ ) dill j 

jl j 1 . U. "S' t ^i-afl * C->-L*-» 01 a 5" C*—j <_£l a!w<^ ; iL.«j jLJ ojA^«-) 1 

j_laj ij 1 jj a j£ ^1 aJjjJ . ^ y~* 9 jjr -4 ***£ -X*T C. aj ^LXj j**Ai 

. 0—*1 — *Ia< aJ L * j JjL 

i j^i j2 aS" 4 2j—+j j-t ojL-*» ji^ i jgA I j (^—^ \ ) da/lj l xiL <S j A* aJL^j 

d^— £^ Jr*- ^ Py = A = P ^y yf* JV - ^ Jr^T <+* ♦ z \ ~ vld^>- 

t ( J J—i -iJl j-J I^^^ - J* ^ ‘Aj'L 'j^ Li jLij Ol 4 U-iL ^dj r*V 

^1 Aj \ ) ikjij 4 iaA j-i> C->*J . C-d p^ = p i 4 a 5" JA d^y 

. IjU 

P^xvHHi/A /p)- 

w =- -. - 

(K),/(4,),) 

4 o J>-~* t C Aj 4 O—d d ^ ®*Aj I aS**" 4 ^ aJ^Lic* jl 0 jLfil-wl (^ — ^ ^ ) <lajlj Ifl^ j I j\ 

^. 3 ■ ™tlrn>r <Jjjr> 1 *J* ^ j>^ & I^yr J>}y^. 

t} . Jjlj J-3 *SS'\£][l'jp\ ^1 J ■ «L&I^>- 

: t w—I JL- 

<, =c> <tafjr 

. -I ^ ) JulJ o«LX »^|jt jlji* ^thuor ^ 'I 

olj^jl j^jLjLJ J J ^yi C<»Uw CJ l>- jjl ji 

<L~*j j-* jSu j OjLp t C—' (^-^) iLJ ^L-l y 4 j^^/ 3 ^" a aJL **j j3 »Jl1# 


{pJpW 


(^-U) 



crtlj-- U/ 


ru 


c v jiiy ru- 1 j-5 UjL 4 J-iU dJ«i< ^»-I^U (^ — ^ ^ ) 4-lulj jt o^Ltfl.*»! L <5” 0 jt*X^ 

G^lai—>1 ajlJjl JjL ^j j\ £jj <** N yX l ( j-*J *U 

4-jT oJj- ^j^Lj w Uj^- i 4liyfT 2>jlUill***! ^l^->-l^U l> Lgj 1 <5” ls>- j ^ jl ^ Jj y* 

C j j\^Jla i Jj yZ (JLo Cf^JP ^ L* - (,,5^* Jj!«»XjU*>^ <l£> Li JjjQa* I 


0jlJ_j{ ^1 —*J j—£ Lj il«—.■<■>■ i ^jLo ^ <■ A . UjT 4j L^J^-l>- J ^£Lkjta^*j jl Ju\y 

i iSjT^ * ^ j' f\y *"* ' ^ <J^J L-J^ ^ *SJZ** 


si$u . rfa 1 — * jLjjj- (j;l 




. d—.*1 j l^tJ j Lt .*<lw> ]?J jL^i ^ C..>«il Jjj l (^ — ^ ) <lajij s_^P 

. *^-i 4 *J-~ 'J (p, — Pr ) s—“»■ v~! ™aa ( pr^) ^ 

4 -iSs> ji vOl j **ju 0^ *5" 4 ■ !*■"Aii j! o j^Jj>»^ jjfc jj LaUs>- 


4;^. (p* ~ Pr) '-r—* - j-i M acl j'ij-^ • jUJ Jja* ji ^jy ol 

<5^ ^ 4 -X-^LL* ,^1 jj 45" 1 jP* l JJ^L) ^.1 .xij Ja>- <l£*> 


J-iL L>^* 4 j ;LJ 


j jLj b_~n j3 


JL, 

,j-j^ ji t xS^ j\5^ jlf b <5"; V * * /rg / w 

^ L oj_j--i <-i_P j-J J-^'- 5 ^ J-*L’ 0 • mm jjai L ^jJil <J jl ^ 

oLkj ; i _j—i Jl—jj (J^k 1 4 —; ^k*» Ja—i_jj ‘iS” i i j\l j j T • tYlfn ^-) J>- 

jl_i» |J»5L^-I j-jJ J C -*1 OJ^j—i ^-Jj9- J ijljjj ^ l-j' ij\jl jtii lJ»tJ^>-l ‘ 

^1 j—> Ja_ *y Jjl—j . 1 j _o X 0 mm jo} It j ,1 jjJ J I jj y £y>- 4j ^1^ 

^ J Jr*~ . -i j* 1 i ^£* ^iii 91a i—J 1 ^ ~ X 1 ) ^jlla^ t ^y*—k jlS^ f*-* J-*j k»- i—>0 

• s >^-> *-. J 1 X' ij-i- 5 ^ Ly*^® 4- J ^ s* Siji *^i 

l^_!j jLS" *Lj-I rj -Ll^>“ ^Lj^- b j Ojl^p 4_j c ^y5* *Xa1^>- s^ 5"c J-iL 

^iL5^-i>- 4 — > o l /j>^ j-s jUi w3*>L^>-l bl^Ip 4^ l o^~j c5jj ^•& *yZ jL ^I^ia 

[ j->3 L» jLij . ^JjTj.3 s^5^j>- 4j \j sj^-***-^ J *X5^ aJLp y lj JLilf ilS*jy 




no 


JL— <»£j w-Joljf) J* 4 ** 


U <S ^jj~? j>\ <o i jS ^ J*p u^jJ f>^i 0 1 *V“J Oi' 3 i/ sj~J j*' <-jT 

. <X~*jj *0 Ij -Lfti fl J^l _y>-j w'I w. .«U> Obj>- «*5"" ^jL»j 

T/l Ag / S’ i ^1-—-I »-L-i ( _^ai«—i*« ^ » .. j ? JUT j^" ““' J ' jb*> -k*“> i «_j11 ^ jZ\ 

? C—*1 j-U>- ‘ liS^l^la-jjl jj-U _y b i j ^ ; ....j lSJj <S3 i Juib 

jJ ^ ./J ^ k~3 a * 0*-L_» . -A-ji j jlyl Y CJ1>- Ij jl jl 3 ^ vlJl>- Ij ej_j—i <j *333 

'■ >3^ LT*‘ C — 1 A M V ^ 3 * £ <■ iAxs X ‘337^ *t 
{A xx ) = «/Y &kD x = >/W37tx.-/-(i =\/\tx\-- r m' 

St's. ‘ °-' 1 A k- jT jj t k,), •J.fcp- 1, J l £J>- 3* Cj*"U- 

(A 1x ) t = ./yo*A’ =-/y6^x./-y t = r/\’fx\.' T m 

C~£-j—» l(A—Y“) <di>l J jjbw l -Lib {/?)„. j>)j* Ijj Jjli js*" i “ j "^ j5"l 

: .uj u* Obi; Oj_^ j>\ 4 j Ij {C,}„ Jjb *j jj jj jj *_jT 



ujT *f ^Lcj * J j+*S y>b y+> oIjaA 4j t j£jajf c-J <S*J JU* i 

jb i ^ j IJ 4J jJ jJ 




w.'JL-- U/ 


rw 




: iy Cjjy*> Jil -y {C, } M J_}U jl Jjy 

r/f , 

= Y/Pf m /5 


W,CO T •xr/>fx\-‘ 

(A— Y») aJ 3j\j i aJ^L*> 4 .^—ail *>—■>^ iiS 't ^U.^l ijL f j>- j _> L 

: }y lA\yi- yj Ojy *> lj {/7, - p r } H , 0 jy-i J £> Ji <_>’'" _>Lj 

{a L + • ^{pCl L = { P\ L + • '*{pC'r L 

■'■ {a ~ aL =,/ax ^ _VTT '') =TAn,/ *' Pa 

t D 1 Jolt L< A 9 xs jji-w 

v 4 ' a = */T 6 ^£) ,t = -/ra^x ./.ra T = t a\ x n .~ f m" 

■ (j* 4 l5 J j iSJji? ^ 1 Jj *b> o y .. - . j> j>- a!T u** j* ^ 

A' = (A ~ aLX.v = TAff -/fxf/MxN . _f =\f N 

A»*>-Lj JL~* jl w< l JL^>- Ij-jj 4 OjLL* 'ilL jljJL* L ^**5^ _/-* <S3j^ ** 

c J—a^Lal^wl jL*i*3 ^^Ll>-! <S^ y y j aJ-j» ^=>^l5"l^sla^l Jj-b 


jio l5J5^3 ^-A-1 

■J.•« > ,. J j . bL~*l o-bi oL jLiJ (^—TT) jj 

o-LJj <l_j a^T jLy>- ^5 -^L-j>*-i— a J1 jj aS" L*~-i <_£l cj 

bL>-l ■■■■* il) ^ A_S^ (J J j -.. fl .i -3) O-iLi Aj j w j JjLi ^LaIS^ C bL—*<i 


jJ a? j AJaA4 • A_S" ^JOj i -L-^t OU JL** ^ji2> £\ . X\j j jL>\jp ^l a a * 

JL. «* <L-S-J—>M — J- LJ^? 1 Ajil*> jt aS^ Aj ^ jLjh — JjLj ^jJLa15"* 


Lj j-*y\-* L>s_ t . i xS' ^a ^-bj ^^LaIS*" i i^yy, a 3^L*> ^Ua>« JL*- jLLj t ^ I jt\L> 4 wbli 

1 l 5 J L^i Aj CJI^ ojlxl ijly Xi\y !j* 1 

Lj . i j_jT L—j-5 <j I j iJjjF ^y| J ^ ) <1^1 J jJ ij J J j' j* J j_y« 

■ ■ s ^» j 0^*' b (j**b l^ 4 A" 4 t-S 0 j'-Ll j aJjL> w_j 



riv 


JL- 'Sj CJf y~ y\ J~ai 



yM *Sj, ^-TT J£-i 

jT jJ <S i -U_j_5. ^ J~al» (jjyjuy) jS" ^jLiv C . m .J dSCi <J Jji J& J ‘JJZ^ C—J 
*■* jL.-tj jA .J (. »AjL ^LaIS*' j+* j *AjL jjp- -3 

aJ-JljjS'jLi JjL Jjl Cjl»- <j jT lJ ii« yJ ayL-JJ t a j j} j'LLi ‘ JJ Ji' J 1 • 3 JJ Lf* ^ 
. J_*Xb a^_—IJJ Jy-jp-j yyi»y yj i ^1 U«ipI j jS -$ *la.,*• > 1 u J p aj v AjyS"" . Jy— 

• *y. 0 JJzr" *i j JJJ J J tJL* y^'y? i_r^, J' J 3 

j s** - ^ *JjJ j^ jl ^>U»a jj jLIj 4 C.JLp 4 Jl>- L 

4 tm.pi ^ 1 j-i «->lp 4 ^ ^ ^ ^)I-Lft^ 

A 44_> jlj <_£ljli oAJlS" 4 Jj->- 4 j Oli^Jl ^i>lST 4 j . 

*jjfi’ ij* £TJ^" a jl *£ O—'l (_$l 4jjl j JjjJ 4 4>- 

jSLi JL— 4 3j^ J-^jy jy* uS 1 ^ y ^ >jy *ij'j yS' 1 J L-iL ^ Jyarj 

oo_r-* ^LLu yj ^La *->)*£ k ij-^y^T tS'+-'^.y ; ?' ^—*' 1 -Lr^ lt^' '^ j * > ' '-> 

JijfiS J >X— ^J-* |_5-1>-L i^jyJl <-; ^ L.. :> - ^jy I ^^i-; JjOJ ^ y*L. J>- aT jlj ^ J^-L 

L——j aT C—Ujw JjI aj Jal . ab ^ a^L jS" ( _^iw j' £J>- yj ly Jjl LJl>- a; ylii L-iTy 

US - 4 ur-i'y * 1 l J • Cj -y A * Ji l ^ L-—I jlyJ VUT tiyy^y 


. Jjsj 





. l --^ -uI jlS" j L«»j ^^1 aJL>^^ 

Jjl-b- ^ ; l I.^ 1 */^*\ ijj^- sjZt ^ <ci ^ Jiaj Cj >S^j*. ^ <S^ ^ jlJli* 

^ " -■•■•1 t^r— t) 4 C —*\ j^S* J L?-^JJJ ,N -^ <S& (jjl jt (SjjA jl ojLol^l 

p—T ‘■^d gjJJ j-* J ^_J-X ^ ajl> Jjl vlJl>- 4 j ( _ ; f J j JV'*' j\~* 

jj—* ©J_u5" iJL~jj ii 4_^1» i jjIjJ d j^ -LiS* 4 »-^j * «^**a 

• Jjl> Jj-* ^jXaIS"" 4j l 1->-1~** Ij^j 4 wl—*1 

j-^”* i ij-i j^rj^ i “j^sr* j- 5 <£J^ c-_J j—1^ l -Ul^' ^ jS” J^i> 

4—«A C ^ L> jl Jul w ^l . -L-AJ jl^J y-j L-J Ij j l— » 3 jm^> a jl-L_»l \Z. 9 J \C— ..*1 ^>- 

^l-A C t i = 'fW b ^ ^>-1 ^ jV (j tfrL .. *! ! 

^_c2i jj_I? *—| L-<1 C......J s-I—► L? Ujj 4 JU 1 J *_<j j*& . A 11 S* ^ j^aI t JL-. j ^aj^JL* 

. jjlj ^UJ C-jtf jlJLi* oLyp- l jjJ^ljj i-Lc> ij**? 

^y —*_j ^ l-at I j !r J jl «AJ 1 <£* 1 Jl JJj jLp 

mJ jJ Ja-J^ J J (j l ^■■^a,? 4 i <41>-1—^ PjJ 4j 4.1, ^1 jl ^1 0 JlS Ij Jjl jji ^ JUS* 

J jl jl^I 4 4^ — jl . C-^l jljjl jUj ^ ^f-S^ 0 jl Jjl J O-rfl jU- \ 

^jp 4 _JLi j L (^_.^lll< (jL^^ C—*>l 0 ’’^ ' ^0.5IaI.^1 jUj S^jl l.m-7* 

J J S" 0 jl-Ul Jj ^yj UQa>- 4j C—-1 J Jj^ ^ l£ j JJJ 0 ^ jUi 

L7 4-—5*" 4-^. -AJjLp ^ J j j_v j- 3 

j-f 4 */^ j^jjT wl^J 4 j t^ljd pAl J ij 

L^> -AJ ^jj-1jJ j^L J 'Vl—J jJ ^4...«.^ <1 jJ (Jply* 0*X^ d^lj <J^j L aJ^J Ja>- ^J j Jj L 

. -Ul fl J-X ,^ u * 4J^Ia JSjljUbU«l jLj -5j^* • J J-X 


^-V JLo 

J C — <! ‘ZiJ* jl _/* ■i«>- ji (_y*il l — 1 ^ 4 ^r-* L Sjj-'J '~^ J . 

t j-i_jiS‘ J_kl J iS^JJJ J°* • i1^* 1 _^,li‘jT ji ^ " 1 / /W ^l^y- L I— 1 1 'ijl 



Jt— kl-S"Wjl _ 


j j t — j 1 *S^y, *—^o L ^— ■ ^"V tn j * /* tn \—^ 

ejl-Ul 0)—*■ jl—!♦ iSjj j->, <■ J i .SjJHJ ^ lS' 5 _)JJ jci 'T 1 ^ jLij i j\iy»- y* 

4_a^ • / > • \A m r p—*»»■ L-! Oj—vi^i y T U c->T (_^ljl»j i jT Lj t> j jj_,f cf* ^y^" 
^j— — jl y** iSj^J *Ai%! . j_j-X fljlj jLiu (^— ^) Jjjtjl— • 

• j~J»J ^J '—A ijl* 


J-& j j T cJU- lj /j tSjj-^J u-ij^" “-! iJiJjJ J ' cJL»- ly /—• iJjjhj <> iJ*jjj 

^—I 0-1 Z) s jJai l>- jT jj i (A m ) v i^jjli_j <1 Jjjj Ji y ^iai* 0>-l—• . 

:U 

(A„ \ = ./««£>; = -/t<vtx./.y?’ : = a/r\x\.~ T m T 




oVL- - U/ 


Oj L o wW 


(<l-Y) JlLo t J 3 Jk> 


l-jT l5^1a>1 
(ffim)u;/ s-sjjs 


m 

rrA 


o^-ri tS 1 ^ I s u^j 
( 5 ) »/**?A m r 


\t>!\ 
\e>if 
\?i\ 
W I) 

rrn 

TA/r 


^kjUjl AjloaMl 


K*«orL ( k g /s ) 

{<, L (*&/*) 

•/HA 

•/to 

</n 

•/t£V 

•/irA 

•/tYY 

•/nr 

•/I 

•/m 

•/r-A 

*/Yn 

»/Y£ 


: l *1—1 ^.1 y 4*1—1 Z), jT j j isi —* 

{A IS ) t = -/Y bnD] = ./Y (MX-Z-S?'’ = Y 

Ai ji* Jl I j yj> <jj yhj j lS^jjj <j^ 4 _>Lli (T-A) ikilj 

J- 1 (A-> •) iJajlj 4 *1—1 jjJil j-* j j* ^ ^ 3' • ^ Ji-M 

j' —T {m, w } w ^yr U xS” ^ 'j o^»l 

j■>j-S" j-; O'-*j “H 1 *j>**• J* £-» i r pr-* ^ fauct } w i_j**'j 1 yj*r 


















JL— jSj>- oiyi 


rv\ 

j\ »j U~— <1 L> \Sjy^} 1 C j i. JjT ^ >—■ ^ 4 >_/T jj *_j 40_j»«-* 

»ib jL-i; ^-T J_>-L_*- jj . L--! axt »jb{/w, Al .„ r } w aj{/n at( } m> c~-J Oj^ ^ (^-^r) 

. s —aJ^ 

kl§*jJ-; aAj J_*»a 4-S" .Sj—" u' 1 (jjl . al—"I * (k^l 4 C j Jo-ajia jl-lia 

.0»“t jlJi* U j* iSjJpj J J C—«l OaU waT jla^ 

^| £iw jb^sa- A-A-T 

<—i*»I >—■ >_/»* ■ al.^ (j {jjr^j C. «^J Li 4 ajL» I aJ_J—i OL^aa- 

lJ (Jl—»- j1_!j U_i 1^| 4_S" w..a...J gj* ji <llJl U.1..-I JJt l ~^ J , j? 

Lai 4 -IjL_< ^ Ijil *S^ »j_j~a LIj^ J *-lJ* 4 0‘J l j , }~ J . 4 *jl-* 3 A _>»-.} 4 <j1 jr 5 ? - 

( J_»I J>- 4 Wi . _• JU-il jia iSjJt’-i 4 ^i *! L.. c£tjLi* J c-l jiijjl jT L-^L. 

ijiW—' ^r‘ i ^■* ;l <-> j L—-I <j\ »jjp—^ ( “ > '-Lr^ j*~ $ r* 4 j'-“ J 

*■ ~ -- jL^>- o Jjjj jj JL_— jLJb ajlJJl aLa., j y, o-LJ« 4 (Vena-Contracta) 

ai i .* ^jLj ^sa- *j y*J .Jjl a-Li j,dAL« ^la *l*Al J (^1 a J J‘^ 

. >L..-I a JLi aili o'LL (^—Ti ) jJ ajj_-i 

n-A Jlio 

0 • /N/W ^]aj <j ^ ^iS” L ^1 a^*“ 4 -^i ^ ^ J*“ ^-— ■'■ < > ^~ jl 

^1 Jl . JLJT '_ .rti 4 (^—Y0) j£_i JaLka 4 V • /W/W ^4** ^ Jaa>- ,_jiil 4i^i ji j 

aib 4J . j4 ailii-al \ > < > kg / rtl* 0 V T ji/" JiLa 4J^J 

^y_l ■>■»'_; 4^'^ . -Lib • / “ • ^V /W / J a3_jJ k>- j J i_jT ^ Lf* 

JjU ^ r Ji> ^JJ ji (^1 6r kJj 

j ij-zt ^ ■■** jl—ij ^ oT tntn 

L aaL^lf W™1 * * kg / YYl * -^ailj 4,7,.t ^ J^T 3 i£ ^ ^ J ^**‘** < 0 

? 4 " -aal jA4>- 



c/tfL- - u/ rvr 

J J-iSjj^ 9 *i L J_j-" j_y* 4^_yi -1*>- • tSv^i 15 J J' 5 

jjiLi C-jLj 4— 1 >J yj^ ^1 i j ^ jl ji > ! .», — <; ( ja j JL»- j j j jLy*- l> ,_jj 

JjU _jiS^ _j - jLj^ jj y_L: —j I jLii ijLti y-i ^ 3y+& 4JL0U j jJLj 

L ^tw- jl_JL» jj °j— jl 4$* ji ^yj L -UiS^ \j t_»>T $-Lil> '/} m j.* 

.jLiO oY mm 0 jLjj J$Li U 


J^y* 1 jb ^ 





>*ojjUiXj ^-rf jsLi 


iij) b £<*•* jLij 


•OjJ JjJa 3 ^ j** Jj^ Jli* tA-YA ,J5Lw 





Jit- - ^ olJ-** 


rvr 


C-j-L-j . J-.a^ jl j_i T cJL»- Ij j I jt jji- j ^ cJl y Ij i»5 3 JJJ 

'■ ^ y^y 1 c -"' J** A ^ j J ^ 1 (A*), ^ lS^jjj j j 

(4„), ='/'(67rD' = ./T^)^■X./^ T =./. .VAO /«’ 

: L. c—l y}y t D^Jai U«jT ji *f i(^ tv ), olSi-i ji Cj-L~* 

(j„.) t = -/Y(S 7 rZ) r r = ./Ya^x./.a* = ./.• nf 

O'-iyr L j-ij^' J a J j jjj j* ‘ t j—*j* <Sjj ‘-r’^ ui^-i 1 ,j>j* 

? J; 1 -* xt* a j-yr -> Ww b (*-*V J? 1 -* -«-* l s^-^v- 5 " 1 • 4:1 — 4-1 '^b^'i 

'-; j'—*** <-j j 3 °j-yr jl—^ {p}„, b 

I Lfr jUlaf (j^l J j\^ ji\jt \i I t-Li»L ^1^1 (^“T 0 ) 

{/>,}. + W..g(Z’ + Z)= {p,L + {p),*Z'+{p}.«Z 

•'• !;> - r!= z fr(ip|„ - {p|J 

•'• {a ~ P,}„ = •/• 0 Tg(\rf- \---) = mv/o Pa 

'-‘■>y ja Oi ^ “S fath w}» *Sjy* iS*jy? (ji a ‘ ^ l> 

\p}A a v)&\pJ p)*-\pJ p}*) n 


khJ, = 


(«U'kJ,)'-')' 


j. ) \ • • -x-/--VA6x(Yx\■ r x^frY/6) 

•■• K,«„t =-/ 


({v/A<y\/<^)' -\)'° 

••• KcwL = v/^ a^/j 

(J -*yr u^y 1 J - il < */• ‘“W "? r /s t>* ■ • kg lm r LyT^ £\ 

• y/y. {^aci }»ts°b 

{m ilcl }„,='••• x •/• -fV = 9N kg Is 

\ {j* Cj aJ^*j »w-j j*# t (^- \^) L < jj jl 

^ {<J„ f ./V _ _ 

L ,./ — ( . 1 ~ , - ■ / T I 

V/T ^ V 




crtL- - U/ 


rvi 


Li t j _ _ . L (^-Y*0 ^Laj i Jjj ^ J 

I v\SY" yLa—^ jJ a^j- ^*-hjLj j j 1>jLj ^_o'o j \jt ^^L^ 

{a'L + M* s(-A + 2' + 2) = {p; }„ + {p} w gZ" + {p},„ gZ 

••• {pl-Pl} w =Zg({p} m -{p}*-{p} w gx-/') 

•'■ {p'-p'}„, =*/‘aYg(Nrf..-N...)-Y**«gx./N = 6m/0 7*0 

: *** L5 - { m 'tew} Lj_£ ^ _l ") ^“i'j j J iS^j^^r ^ 

i., i {. p }. (a. ),(2g({/’, /pg},.-{p,/pg}.+(^-z ,))) , ‘ 

(R),/k,),)'-r 



JjU ^-A JLi* t Y? 


r . . ) \ . • .X./.*VAax(rxV r fgx./O’* 

' ra ' kJ - = -fcr?— 

{wILr},. = V /^ 






rvo 


JL~ iJkj C. 


Oly! 


{<* L = C d = - AY x v/rf = fi/v kg/s 

J 1 — V > J ojlJJl aJ^j] aL^U jl CjjLp I y j i C—(jL„*^j jp*. 

■ J* y*-^—■* ^ji 

lS^ ^J3J £*-* iJ bj> \-A-T 

jj a_Jl»*j >— ‘-Lj~0 ■ d JJr ^~“** £■—■' l olfNi^o j^>-L- 

jj— 1^ *o ^t_j 1 j <^Ia O j J-iL jLIj |jl ^*>- <_$l jj oJJLa\5^ ^ - a -lili j **l • /*\ 

. C—**1 O-Li 0^--J (^ — TV) <jjl A & xJ L^l AjjJj L -^i - ’^«*»*<A aIsL^^A* ,Jjli 


JU 

L r J > j —mA ji 0 * fjlf}1 Jhs Aj j 15" L t ^1 O xi.. ^ aJJjj olSc-O 

*-J^J » A»-ji to jjljj <^1 A^jlj (^^XA) j_^jUx* a^ l ij-i* >—•»/*'> i \ • * ttlttl 

■*—■ c — -»l ^/L; c.« ■* a —i T kg /s £y> l j A*' kg /m Jl£>- L jyf* Jl»- 

4 —L^li a_£* li —*j I jL>>j ^£\—a aJ^ 3. C ^ l */*l oun^ a l£: .-o aJl>xJ 

^u--i jLLl A> 4 Jj j-i A#lj <^1 4&*A*a Ajjjj qISnI—O j\ «Iaj j j}J jl * / * VO fit 

L oj—s*- ^Lflj j\ j2> . J_u5^ Cj Ij jLIj aS* l ./aT< C/ aJ^] L 

9 j J-A>- yu!—^ jLLi \T^ * * / /M ^yU^>- 

L> 

^P >■ iaJL* C^>-L—a . -UA^ j\j*y cjl^- l j Ajj Jj j\ j*~ J ^ CJ^- I J Ajjjj Aj 

'■^r 1 A M ^ <jT ji t (/l. tv ) s -ojjj ^ jj 





rvv 


jl» C-S'y oiyi J^* 


: ^ c si—I £>, U jT jj -*5" [A xs ) t <i }jj j>r3j±- j-i ^^ sl^-l— 

(/!„), =-/to^£), t = •/xbnx.-/\' = ./..VAd m’ 

: L Z) T c—I y'y y»i l (v4„), <i jjj ^yrj>- j-> Cj-L-. 

UJ, =-/\C>7zD] =-/t 6Tx./.i' m T 

o-i 1 “H l^rw L s>*J-> lS^' iyy^ sy J jj'j&.V ^ 

; Jjhljai 

> 

{^r/tsvw }«// — 


K«yL = _l = 6 ^ g/i . 


c rf ’19 




jLli slii ) iktj jj ij^j^.^r ^ {p]„,i p^V Jjl* yr* .Z" 1 

: JjT ^ c—o <1 y.j sij^o ^ {a - p r } Njl jJ jj j 

) {p}oil( A x S ),tg{pypp} oil - {p t /pp} oi| +(z, - Z f ))" a 

l ln tluc.r/oi) — 


.-. a = 


(((aj,/(ajj-4“ 

A..X./..VADx(r{p s - Pl } oil /A..-Tgx./.Vfi sin fo) ;i 


((v/AO / \Af) T — \ ) 3 

•■• {a -aL = m * 

jj-t p C-^'y^o ^UjLi l> t -Lit {p} fll ajy uJ^r 

sJ^Ls. 1/ aIjJ la jjjf JJ UjLli jiljjly L SjL-. L j ^Jjjj^yrj>- j ^ 

:«jjla XX ^jum ijjj 

{aL + {pL/S( z ' + z MaL + {pLs (Z' + -/-yo sin ^)+{p)„gZ 
••• z £ ({p}„ - IpL ) = {a - A L - {pL S * • I ■ sin f D 

.'. Zg(\rf • • - a* •)= nr • - A> • gx-i-vb sin to 


.•. Z = r-/f mm 



OMU— — 


rvA 


j . 2y*-t L i, .X— ^4 Oita j\ji £0 AjjIj Irf (_£l *J^jJ k t-5^ ^JJJ O £\ 

VLi J*- »l j 4_S" I ■ J—' Uj) jUll y> 0—1 Jl*“ ^y) tj <• ■>_)— *T?y J«o _p Ol' 

. 0—1 ^jjl l> j jj*~y ol—^ 


4kulj jj-iLjf Okj^ iS^SJ 

0^0 t _ f CJlol 41 ji 1 

J_f jl_ij jT 1 L _-j 4 _i j o »^ J\jj o^-iyr J->-b j* <lJA^_> i 4 l**-j ^yl 

p 'jL; l* .*-1 jLIj AT c <> C*....> <oj!j b A^j j a j** j~> oJlAjl p d JL*- 

*i. l _.-J A^-j o\j+& b (^—T^) Jjlk* t <1^J ji . A^ib i{j* °jlAJl 

A__ j\jj 4 Aj-b J j.ja+mA w«>jJ Aj <S^ ^e> jZ* <j c jUj ^®JlAJl b AJi 

. Aj I Aj O-iL* jllj OjjAil ^laflj oSsj jl 

^ j*j£ ojl Jyul j—LJ Ojj ^ *> 4 Ij A la a ,> A^j j iC c J L-- C-p j-- l^-J O^-i l ^X-J L*A <J ^3 
<y A—1 (X—T^) <Jajlj l ^ylLSoj- Lj ^Jlw*i °AJ* oaL* A^j ! aAT" 

I jl AL^l OjLp 


p+-/6pC' = p„ 

(ip„-p)Y 


.-. c = 


ft-u) 


. Ajb jb^>- J-^ C-J*b A-^J j-5 Ajb ,J^b ^Ijj 

J -* J—** I^J \ - * ^IaC-^>- 1—• b 4 jH>- ^^IAaj 4j Ajb 4 \ ^4* j& C^>-Uw« 

; XJ ^S ' [ jA^La i3r*^ J,jk ^yL* jIAjIi*-! . i£-j£ o jIaJI *JjL 1>- Ajb JL*- 

4_i j 4_J.ibu« la .-^j W Jb_*« JJT Aj b ijb^jl AS*" 

jJ 4 ^J—^ ^.lad4 jJ 4*1—Laj j* jl C XsS*J~* I—^J-L> Xjjj*0 

a L i b j j O-i 1 j' • • Lj J tj-* -■> “H P Jl^— ^yJLSU- ji t_Js l <S_X 0 -^J.V 

: A»J ^ (A-r) 


w = s (p^ c ) 


-OiJU- J» Jj 


(^-^0) 




^ j>- 


rv^ 

yi ub 1 , ^— 1 J'r* ^ U*>^ 0 =*"’ ‘.s'yi ‘jUj' J a - sL “ 4 ^ 

4 J-rr* j 1 lS-^j* *& J^s* *i 4 4 l — <Sj^ "J 1 -^ 1 J“iJ '&i OrT (►* ■ ^ C-*j-j 

jl i uJiL iL j ^Ijb jlj^>- y>\ . ^CjWj <JL*^ c^S"*c...^*- jj <3^3 j^b jlji 

*-*!" J-* jp£^> c£^ j-* Oil- i / jl^J ^3^3 

jl d i La."_.^l 2jy* ji i*I*J L*> ^1 . ..LjL* j& ^L^jL Jp~ j2 U<9 ^U>l 4 J i j^-X 0i Id" . j ^1 L* J 

^r-5^> t <*!-—*1 fj^( j3 LS*y 4 Jb- L L Jjjj-* 1 o-O oiU- JiU> 

■J — 'i ji ^1*-jiU OJlj3 t O jj~& jjjl ji *J-XL <Jb^ vl-Py*^ *T /^jI 

i ^LtLS*" jL jpf" ji j <Jji (JL -* 4 wJ^ j** Aj L«j <JliL* jt^lP 4 j tJw *1 Jjhl j>- 

jl jS*jj-> iSjy-*** ^ y Cpy-^ t-LX oib y (A— ^ ) ^L>«j 4^ IjjS' jL*A y c..^l 



O^la ^JU^I 4J^J l£j JSdi 


JU* 

^o* mm jl jT ^Jai t j_Ai ^ Jliil V * • kg/m r ^\S>- l \j ^T *T<, ^1 iJ^J 

^-* ^1 oj—*r 4* 4^ i OjS^ J^J ^ y* jL ^ • * mttl 4j 




oIlL* - U/ 


VA« 

j jL^jb i ^ <1^J j j jl -Xxj i s — > \ \^s-j-* 0 jIjjI t C — o-L-t 

jLJlJ *\0« ftWl SjiJ—il A_> *y^~ Jjl 4 C-—^ 0-L*» a^li jLL (^ — Y** ) 

jjI yj ^?Lil ^ I (j ^ 1 j*r ' w—<^ Y**\ * * kg i fti L 9 j~*r • ■*^ 5 * ^ 

4 ^{ ^* A J* ^ J ^3~* j* ^Oj-^ 

? Q.^l j Jjfc*- 

^y> i" .^j i ji_ »j ^ ^t_ »j (^L-A a»j^j i>^« t«i i ^41^1^ diSsj i 

S ^ L$^ °J7?~ J ^ 11 iSJJ ^-—'^ j* >^J^“ ^ji) j* i^jyA laj-4jla»- 

»> 

jA2 j Y CJL>- 1j ^L^( Jl -Ljo *—> I J ^ C-JL»- lj ^l_Ai1 Jl J-J k—>! Jaj I jt* 

i j— 1 1 ^yA a_i (Probe)^ ojl-AJl aJl« 4.1.»*^j aS^ <, I ■^**5** . x 

L? JZ ^ L »> I ^l.i.J 4 ^cl^* jU-J la.* a£* 4 i— j* I ^jLlw! jlij j »Z.-t {/^o }w' u .s)s. 

jL^ ^LaTj\ L>-L-1L {/?}„, »jr!-j {pj „, ^ j (p} K >^— 1 ■' °-*- i 

(.XY ^Al** ji U^ 1 J" 1 0 

{p () }. + (pIk. «(•/ ■ va + Z' + z) = (pL + {p} K , g(- / . ra + Z') + {p}„, 

•■• {p,. - pL = ^ z ({p},„ - {p}*) - {pL « x • / • a 

•'• (p» ~ p}„ = S x./^ax^rf' — > •. .)-\ • • vgx./-a = v\a ar/f Pa 

jLll 4—^ xS" (Y—Y^) <klj c -Li*b l$sU.^l 0t ^j^LLI jz'“'* I 

<L< C..»y J ^ 'SjS 0 l 5 ^ ^ t II^jU 4 kl—^l CjIj ^ > 1 

i ye\—Jb\ j\ JLaj yS J^M L <1 jj LlfcW 1 jLtj L jULl . C «*»1 ?>i 5^ jL^J 8 jI«L’I 

o- L.l k^. «^i (^—V* ) aS" ijl**A *• t ^ J j^\ jJ ■■" 4 ^y ail^ jl ji 

^LlLl l J ^ aJ^J <W^ I *W^' t 'Z-‘ ■** I 



JV" j*" '- i ' 1 “f+ J*' A ' 



J SjSl U jluyU 

dJjj cSj jO i_»I 0*i* * Oji*j jjjUai-j) aJjJ iSj S-V Jlio ! ^-T♦ jJiLi 

»>jj tjA jt S 4j c<>IjJl£j CaCjjwj 4jloj i_Su ^ji Li ) joLJj! j| jju 

^ y}j>' ‘ {C, }„. J j b J•* '•—■*' ^r" ( ^-H) dJa»lj jj j5L_U- l. 


< r ] _ fe,-/>L) /a _ (rxv^am)* 

1 {p\: (>...)■" 


r/f m/s 


O r U- jT jj aS” t (j4 X( ) t ^L&l jl -* J 4 u-k 
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<^■-^) 


F„,=(m(c,-C,)), 

^=Wc,-c,)l 


a^b y ; 4* 1 


(v-r) 

0»,r) 



— u jZ 


m 


JL iL^ii 4jr . 1 -S ' ojlil *!■■*!j \~ »* jy z j y 

<zi£ j_iai jj 0 •— 1 T) j (1 * — X) oV>Lu jj xL; >*.—Jy 4-i z jy |_gi| jj j-*-j *jjj 

(jJj'Lj ( X>yJ* l j-a j *—*J X C - | > - jJ Jj y*C T J C, t 0 »-Y) Jj v l .i.j>- jJ .Jj 

. iy XaI_^- jt-» eJU J>\ jJ F U: J F kty 


jLli ^I. .r.T oi-i JL-^pI ^LfcjI 4 _u c C-STojlXl j—AJ ^jj jl 

x>l j>- <->*X I j iS jl- ■ ** <5j 1 -LiU ^#1^# j 1 j\ gj j>- L J ^ J j jj j* JL-* (j*)—*J 

* 

j* ZjyiX^L* 4_ii y> U C- ^j <’ —<lj tC-4>- <_£jLlf taJb^a . j!:* 

cXJi ^ UjLli ( (^ *-Y) ^tlk* j -JLm* ^J^i jj 4^ j jLa . ci^ jikj 

1 c jV— 1 j j\ d>Jj? • ^4 jj cJl>- ^ 41 jj «. j* lj JL-* Ij XI 

^ ^jlj t J J\r^ <* £jl>" l£ yj* ^ ^ ^—^1 

If;t jl 4^ j I jjX 4 JC1~A j j4H jjjUj jA . >y± 

^ iy-* t a-uT ^ J_*p (C£)j /IS ^L* Jr ) j,_^ jl C—i jl tSjj y *S tfjUi 
j-i j*~*> 4 jlj* ‘jtij 5 ! - 4Z-t>- jj 4T j x . ; .-» jL y>- 


L_»l t C—«l *Xi ojlj ijtli (\ •—Y ) ,_|^i 4 $ t j J J jtf <J _y Of>- J 

^ W< 4 c^-l— m—A J3 DA jj—a iSJJ /J. P\ '*J** t—-»l jl —It 4_S" Jj—J- ^y»j—I ^1 

‘(-^«)r ^*** J-> BCjj* S)J S.Pi ^y* jtii t(/4^ ), ^J>j* 

r^y. ‘ • > ^- i ex* j j'j j j p -iSjj j-i y <£ ji_i» ji ,3-iU tf jjJ t -uu 


ruc-1 


f f ,=Z(p(/( u )) I 

•■• F n = (pi-^,, )■, - P.(A, ).), <'-i) 


-L *4 Jjl 4 j ^y_^.j bx>»- . C—I JC Of>- (JaJUji jl C- 4 »- Ijjj t C—-I fJ »Za p t U- j>\ ja 

t 

t z j y j*. JAj£ jly »jLt^.l j jj* .lL 1 x c~t>- jj /? T j p, <ily Lfj & 





I j t F„. i F, 


Ji'y. 4 r Pz 


/*V V*F *i J (/■ ‘ j'r- jLl>* k^Jp *» (•—»- tSJJ ^ J'r - j' (jUjs* 


:lc-1 


0—D 


Fry = Z{p{Aj) y (\ * —o) 

Ff‘ : = Z{p(A„ )). l\—\) 

jLXj c—Lp |Jf » i X gp* i j»lj(tj . J. x >' jj ^UlT p r j p, i 0 • —'T) jJ 

• >-» J •*■»'>« J_fTJ Zj}' J-> 4 

4 ^ . /» »; j3 . Jjb (j—JJ *i iV 1 jl »-JJvt* 

• jlJ-I (JW- j)l jJ k xj" aJJ>-jj J»- jJ 4) JL— «jl J> ^ kT J»»y ; jJb 

^jL»- Jl w < jlii *T jil»- jT jl. x<L j»- jUSj j_jljb JjXS" j*j«- ^JjJ-b ji J>lii US' jj • * -l 

l^ jj . tl.. .»l yuo i «-Li Jjlj <_Jjl£«i i£3jy k ■ ~ -' j>- jli* y) y jy J jX 3 pJ»»*“ 

jlui *_»- jTl i ajlx jljJ yr j* J'r- & ‘ (*-Y *) JSU <£jyjj Cxt3y j^> 

•jb f4«-i j-* jj . jj-1 j-* JL^I jiiC^> ji jj~i i xT ^ ^Ju JL» klTj> kl^> jj 


JJ-*'* iSjj y>. *-^ 4 iSJjr' J j $ (*4—* 3 *3-1 j'—jLiii »Xi 

j l — * jJ> OlI jy-Ju I <Jjl jJ jjjjilj i_jljJ»l jLj>- j3.3j_i Jjtlj»- j jU? k 3 ji ^ 

XjS" ^—• Jjlj jj» 4< i$jlX* c jp <S" ^jjl C Ip 4j i 3jl Jii jj xL j • ~ -I i ^^Jlipal 

£*-w»jJ j—»j jj Ol£> ^jil <** . J ji ,_j* 3jy k_—> *S" c kl—»l jLi* j^il j 

■ *y* (_y* •■>•■> 


(ojj j> (%-»■ iSHji* 1 —'“ r 

1 -I—lS^ 3 jlj p >- ji Jj*- jjj >... At JL> <T I j jiUj ( l*o yjS jl jLw jj 

jJ i J y-^ F* 1 3* ‘J^ - * f/T 4 >-J y^ J^U- 1 ; ^jL» At t X>li ^ 4 .» jUj jJ 

L £\—* 3 J y k (\ •—t) % 3 )? L X jJ 4 XjT ^^4 i.l .O 4 j c jl 

: l x j.i y x; a, F^j F Ry t F^ 

^flx=( m ?)r ('- V > 

Fey ={™g)y 


(\-A) 



0*L--U/ 


F b, = [ m %)z 

I—i vZ..*..* <i £j jy^ <i JL-* (1)t (^ 1 ^^ ^^1 

Z tJftJUw C_ 4 »- ji Ijij tly ajkly- ( _ J i^. /j^ j yue l jAy F Ry 4 . Ffa i_L <y J>_X . xS ^y 
ji \aat ^-i i j*Jl* ai jf liSv ji JL— '. -XJb i ,_{jL —j ji .0—1 

. Xw* a y' .0>- jj i y #jj1j XjT^ 

4_» 4--J y *~M F, j F y i F x Of»- jM Jj p—>- tfjj y JL— J*-y «-Li jjlj ^jlS' jJ 


^x = ^JMx + F Px + F Bi 

F y — F Uy + F,, y + F Hy 
F z — F K1Z + F hz + F h . 


<>♦->*) 

0-U) 


<% *->X) 


\ L o—I j1 j J—T 


ji's.'H's.&j? 

0*-^r) 


f = (f; + f;+f;)' /s o-vr) 

U 0 ■-> ) 0 *V jLn* jl J—*J X\y ^y \at% bl C O — I SFME O jLi>- jJ 0 • — ^ v) <bl*w 

. jjjjIS" 4)i: jS ^y jl y olii—I ijy oJLi »jb oby- j * cS^j* ^5* 0 •—X X ) 


OJ-£>jfJkif ^un y^yiyO ) ( j^>'».'>' vSj>>• t *-f 

—>-L J ^ 3 * s, ~ ** JL— la—«yu o^j—* jl iSFMF o^jjt L ~^ <» ^1 y 

*— i yj> y ji J_y>- yS^I-l*- Jl nJy L Iy* J j OPj*» t J ' 1 J ^ u* I t oT jl 

. -L-—Li kl— ^-ly^j £—-*l y * y^~ Ji \j~*~ ^ jyu i a jl-* 3 T“ J-S y-*> 

‘ j- 1 J*i' <—l5'^ ‘ >*" J u—Fr tjj _/' 

^ r ... x . <?i i oj^j jlS^ <> C-S"j>- sjlx’l j ^.!.:>- ,_5 j yl CjjL*- * 

ojb jLU t ^ C—»!)Ip Li L-S'jP- ojixji ^ i j t cc c-8^p L ^ . * .. ]> - i_jJ;yi 

ti_iT 4_S” y_ii yw» t j^ ixj y j jjlxiL-.l fits’” >i jiy 'j fi j ci yy\Z*. ^ 

j J£—*mA JX>- _L»“ j J bat J Oj Lj ^lyLi c J—i* Ij t ys^ C.^*.*l (J>l jb xjly 

• Lf~ Jj* **?? 



jljbL jp~ ijlXl UaIm 


n<\ 

SFME ^Ubijjjir \--r 
l£3jAC J%tw> 4 m« 4i Ojf^S i * -r -1 

45*" C -ij b 4 p l yi-L U JL— jl ( < AII s_!jXj ojl— l-llii 

ojlj_* JL»^>- ■ 4 ~ *r j—> t <*K a ^ j5 "'^ . xS 2 ju£j_/* ^ 1 -*L<* 4 j 

I—LS *->■a, <-? 4j j ^JU«j ^>- <* (7 i^p^— \, j D ylu L i ti^jLL*l «-iS7 jl JL—».vi.—I 

. * _ I —I 0 - 1 — 41 — 1 <lj 4S0 i^^jLLaI j l JjJ 1 ^ 1 * L 49 * 4—0 0 * ~V) t -US' Jj 

J—Jj 4 i . J J— ^ 0 -ll 5 " l^» j C — — 4 j O ^. -— j J l 49 * 4—0 4 j Jj ^ 1 -^j ^j* ./o JL- 

jsLi^i . 3-L-*J JJ jJ lj JL-- C^ l ^jV jl tJL*-* OT<jjL#l* 

aJj! Ls>- j-> - jJ Ij y j X <j£l$^>- i U-ili j) «io (\ • -IT) 

-■ j j/ ii.—J l* y- JL-* 1 . V <*' t <~ha^ L jj j>-j* t j\ Xo . vi...»*l ih iJ^vjLL^l j\ <JL—» 

<. J*+.6.*0 JU- <& W— J Jj IMA jM t Jj . J ^JL y J" 5 ^ ^ 

<jjl A-jj^ 4_» J j—~* l J ^5** y C? lI^P jLjfc \j I j 

‘ J-* o^~* b t ‘ •>> i (*—j 



»JJ 4 j cif J5L1 Aj Ojlji >_5J (j )y % J^LbT pla-» ^JUU 30 OjO ^-T JiLi 

- Ju5" ^4 0j3>3i O 3 &C ij^Lt 



OVL- - u/ 


1 ‘- 


<J1. —*<l^ ^ ) <! jbt* L X si .^> yiaj ji IJ C-5^Oj)-ijl jmJ t-U*l 

j-* ^jLj^- JO— 1 t j2~ . 0*^1 C jlii* x C -4> ji JO- aJj! Op 

. o^l j ^ 0 y)y. ^ *x>ijf>-C7 cos ^ * l» y)y t x c. 4 > op y)~* ^ £ 

la >~y L»l t O—-1 i m ^ J»jlj J^Zl5" ^j^>- Aj 4$* JO* ^y>r t OiU- yj*} J-* 

j \a> ji 4 _i 15TI -i_ •>- JL L» 4 5^ i ^j i> 4 J 2 JL 1 jl j „ a>»a-6. 

: L C_*»t (^ •->) iJjU* . Jj'_jJ. <i J S' 

F Mt = /nC -(-/OmC cos \ - + -/bfitC cos^-) - mC 

^L»LS^ JL— vU- j— > t J y^S" j*^*" ^ j 3 - >--- “I y?l ^JjU 0 *— 'f ) aJjL>w y kl*p- jj 

j i»/> b-ijy <-5^ l c^t C cos ^ * yjlyj _y * j > j I 4 jilj^ t >* - x c.^> jj 

• 33 y^ (J-* u-*“* ‘--4 : r J 3 £i 3 ^ 1 '—-r* k ^-4> £Jj>~ j 3 • *y ^ 

:l» 3 y* 0 ,— T) aJ^Ia* 


F m> . = /nC cos^ • -(-/O/nC + -/<yn(-C)) = o 

si—-«l jjliu jl>y»- 1 yj) l y jtJj y kl—^j- jy C*£y>~ ajl-ljl ,_£ j 1 jSk j i OjLf- aj 

I^-jj 1 -i-iS* 0 kiS* y j^- kl. Aj I j kl5l.Ll»l t, ,JL** . ^iaj j.a I j (_£jLL# j t ki^I*l . 

I— *>yu L>- c*> j-> j I jl li A-<-j Aj ^aU' * luj 4 C —-1 0 ^ 0 ^ Jy^ ^ kj^*- - 

j\ l5j jr 3 k '——^ u^t kJlj-< jLl* j jLl* a^_JL»- jl jt. yj+j yy yy jLIj y\y j OjU 

• ys)-*. 1 ■*•■'' • a *' y j*-* ‘ j y-^ y*' <sjj y. * 

f — f* — o 

r l‘i l-v 

O jj—f a_i J ^ jy JL-- Jjj . JF> jy \j (^jj) (^Uj jJ y» 

J^-- J*y J x l f^4r?r ^*1 ‘ 3 £ J*p 2 yi* C-i^r j 3 ji'j >-■» "• ^ j ^*jI* 

OJU>- 4 0—1 Oj]yj jl ^1 oO? *JjJ> kl^> 4 T t kij y* Cl jS" yl«j Jj) () *-r) 

* Vi 1 / ^ 1 j_jUj 

/T — /T — o 
r Hy 

S—^ s*! iS^i^T J* 5 ^ J j()*-)0 


:juo^« JLU 



ji ^ ijljjt iillu -|>*J J_ai 


F , = F m, + F rx + F ta = ™C + o + ° = mC 

F y= F My +F Py + F 0y = ° + ° + ° = ° 

: L C .. .«! y)y 0 * — ^V) UjLu j\ F iSjjA -U»T y 
F = (/•> F ;)'* =mC (1—U) 

\S^j~\ A ~^ i j\ a^Ui—l L jtjl ^ Ij JL- ^ j*r .C—*1 X Of>- j-i jI a£" 

. (A-T *4 ijj ^ jlT <» 9jj™** 
4 i ^ L—L*>l 4*»X<s A/ JL— A$* 4 ^Ij jl . vl.>1 oX— ool— l£-L»- U Vl» 

. X .l £ * «t l)Li l>J| jyJ t. ■ * ■** 4— i" .| >-j3 l 4» Jjly ^y*j 1 JLx>-l 4» 

*X_—T |J (jL 1^ J XlfT ^ C . mf* Aj AC. JL jl JL— jl ^ .- >» > 

a_i^J I j o jJ jb jL t 3jb oLyr i <_sjj y JL—■ aT yl* j . s jl— 

<-^ si •*! ^L-— j-— jl t Jy-^T f "'* , > ~ jl JL*— CpJ_— ^lyljj 4 XS^ 

<— (j\j^>* l X$* iSjJ jl JL— aS^ ybj 4 jL • XS* y* XJ" y Ij i^JLltl 

Lr A.fill* j3 A, <_£^/L aS^ 4 lj ^^JL— i y»y** JLy^ L.. ■*! •—-» ? " J ^_y X*ly>- 

j-> A_S^ Ij y j y t^illll j! AmV aJL^I* LX ^bJly— . X>3 (. X5* y ^y 4 AtX^ 1j 

( ^A^_JL>»J </ jl JL- <T ^y«lSc* . wlA3 y j| J$ C->*J 4 ^y* y ^jlj (j I 

4^ U V JL— *£ j| . Xy— I 4 L- y>- j y>»— ®jlj* Jly ^y— y 

^r-i'j*' V «j'y ^r 1 • (J* -*>’’- J 3 ' 1 '* “V 'j J ^y* !»■ ■■ : ■» ij^ ^i 1 ‘ - s J , ' li J 1 ^* 

L-O — 3y— y* ~ JL— cT^>- «jlXl 4 IxJ . XL y* 4 ^lao ^la— 

J I jjXil j y - ~ * jl lj • jlyJ A_S^ 4 I—J LJ““* l_5^ > ' ^ JL** 0jj L^bj Jl 1*1 4 sL—m I C-jU 

^L«J jl — yb* o— ail— ib a__^j #jlji aj ^iliT i> t 4 AtX^7 /1 

L jljj y» 1J o«L—* jLfepI J 3y— y jio# J^ Xi ft^b VL ji aT 4 Jy ol y I 

• ^ J? L yi 4 JyJ Jrfl* CJi L j 0 % -U) jl a^Ul—I 



Li to mm 


yla# aj tlfCjLLjl jl * • * kg / m t» t ^ l oj\y 

^ jj—»L *L*L^ dCj aj ojlji j> JaMa <j ^yi>l Oj^» 4j * mls j\j 

j~i >Jj \S)ji ■ cy* j'y JV - y.'y j j *j _ *’'*-' - jT jS'jo jxS - ^ ^jy^y 

? C—«1 J-Li»- { ^ • — 1) ,_^jlia> *>Ju0 

L J_iU C_ S' J>- cH-»- j.» *jlj-» ^ >* ■ f*- tX tfl I S y\y U *3+JL*> jS"l 

4_j <_S't L ^jl JlJS" <-*-l>^>* Ij .ijlj iSjj* 1 

C ilj cl£j 1 *»OL0 y * jlj i£jj? <• *y~ ^ ,Ji^i >0 T '• J jl J tj' fiJ* J* ' ' Mttl Jot 

0*-o j£i)vc-ljui*- 


- (A—1* -i^ ^V—AJ AJjUj jl oLc»I Ij jl_y ^ lj jf77 j^ «* 1 1 i_5*^" u'' 1 

{/n} u , = /i r , {pC T } BK = -/ibn D'{pC} v = -/T6^ x./. r£>’ x\. • -x\. = f/\\ kg Is 



^Xi 4j 45“ * kJ\ ojly iSj gif* ^jju jo Juo V-t Jli®; V-f JSL1> 

• Juf ^Ui 43olrf 






i-r 



1*mm 


i» <f . t-»I ,jiJl 6 ;l^i i J jiif f**> tS* 4 * 3" 1 x>i V-^ JLt-o 1J5L1 

. JUT i tS^y^ o rL - 


: -a* 3 ^r* >— 1 jy^ iji^ *; i j x j* F -oT jj jj 0 *—^ i ) JjIjm 

F = {mC} w = f/ < ux\. = fV'i N. 

\j jj*j j t 0—^1 tY m / 5 Otf’^-*“ Lj tsjl y jl j-Ojji Jl»- ji 4*»a.^> & ^yUj 

jj 4 _»uT o <-. jl i {C ..jl -J O^j— <Sj~> jlS" <» j-i <| .xS^^ ijr*^ 

: j^ «jIc—I jljj ^ txi oiS'VI; 

{C'}„ ='i--r = A m/5 

^ li 0—1 - JjI**- (A~r) Jl» j Up 1 L t 

{m'j M , = ■/'(tox D' {pC'} w = -/tatt x./.ro T x\...xa = r/\r kg/s 

»U J jt\j' - 0—1 OjT”Jl>- A>uO? ^S"* i .X >" i F t,y j*j JiTjj 

F'= {m'C'} k = r/irx a = r\/f A/ 

c JU—i■* l) 1 —j^ 3 ^ la. d l l Jjli ^ j* J* W 4 aS" ^jI*j 

jO. jt 4_f t *y-^ u* ^yy yy Ji 1 *j * xT ^ 3 j>-y. & 





OVL--L./ 


i'i 


^.j*r D" qIjJ_- _ r Ja* J D jJa» jS'l ijlj t .uT ^ 

iJjilt* (A~r) aj.il** jl ajbil^llj jw } u , Jj5^ 4 3 *J ls< 4j ■& i -_-T ( J*J*7 

* iS* yj uj^ 4j 4 

(ffl'},, = -/T0;r(Z)' -D' t )(/?C} h . = •/T0;r(-/*T£>' -•/•\')x\.. -X\ • 

■•• {m"} w = T/\t Ag/s 

*Lj ( \ * — \ t ) <-taO jl 0-5 LxO L 4 F < ->%JU0 ji -ijlj X sla^ . 9? J* Xj \ jt J 4 Uj^l 


1 


F" = {rh”C) w = f/\Tx\. = T\/t JV 

l^T<P jl X L 4 X-iL o-*5" JL>- j-5 oj!O^-J >- JO L jL 4>iJL^? ^S"l 

■ xf ^ u- ^ir 4 i *JL *9 J> *jlj J~> O l jU-5 <U j -5jX a-iOO ^OI 


jb 4 * 3 !j tax* 4* \*-Y-T 

. X—jL JSL-^ Lj ■»■• X. h-jI ^ r --^_a_j a > ijl 1 1 ^*.11 *<L» XjL* 4 xJl>- 1 j j 

LiSL) jl tC Op• j /? Li JL—- 4iSJo j 1 4 IjX jiaJ ,^1 &*>L< oJl> 

Xjj—^ ^ 4 ** i a,^? L^j x JO- . -ij-i j j>- 4 j O jJai L sI^jLLiI 

t() *—1) ^jjLLu 4 JL—- . iL * j» -*'> 0 *Ljjlj ijlJLJl o j I o-$»~ j xS" ^ J, 

. x?^ kiS^y C Op j+# L lj \ j 

J-il 0_>»j w>T ^ j-i I yL oX^U J^ix- j ^L- 

^Lx 4 Xa .5 jlx lj (^ * — ^) . X^-5 0^>“ *4jlj 

jL j^- j-J mi* 4 _h A ^ sl5sj <U 45" 0^ 1 J U ^7^ l5^j J7* 

j* Lj j^—j? <-j la A> JL—o L) \ x5" <0-^1 jl XjJ> la^ . X5" y 

xJjl OPj-j ^ X^^i j_lij I j O—S" a jlXl yJ IXjI . x5" ^ o j>-y j x 
• y J x L—fr j-i J* j* Xl^j ^ C ^Ifj Op^ . o' .y 0-f>- ^Lil5" c JO 

^jl^j 4 X 0-f»-j-5 OS'^ ojlxl 4 XS.L W Jo ^J>7 jS"l t Jil^L 

= w(C-Ccos^) , L o*-i (^ * — N) J^O 4 j*wj j 


jliU ja c *£^ ij'-Lil J~ai 


1*6 

O jj—x> j-i' 4_i 0 • -X) aJaU* j! o aU^—I Li F^jy C—S”^»-a jlJJl c y °r j* 

: AjJ- ^ aAlA 

F w> = m(° -(- C sin #)) = mC sin 9 

Cs-j -• jj ^jI jt t 0-1 jy jij Of*- jA tC oJLi j*«J aS* U- oT jl i OiS* 4 >- 

.c-l^ 



J^-*> 4 3 ■ * i o jjiw i-Sa aa aT jjiJl »jlji <-Sa * Jjiai' P 3 ! L> {S'*-* 1 . S'* ‘V, 0 V-? J£-i 

. ALLS' 4J-0 J y. 43"*3j I AXjLtf j A ijJjS't—A 


* 1 ) 1 —'^*“ » |*jI* 4^" £«ia—— ^ 8 *X 1 '£ Aj^ja-^i ajlji iS^J*. ^ ^^LiVa 0 ^ 8 -* Ai 

^S" I Sjj^ 1 t -Alila 4 j< . —> - _J ■*■“' £t 1 LI—*1 «Xi Alib al5\j 

: ^ A—*' s)s. ^r?S FyJ F x ‘ y J x lS4^ 

^ ^ ^ ^ = Me - c cos 9) 

Fy = F My + F P> . + F gy = mC sin 9 

\ Aj— 438 (\ • — ^1*0 aIaI** j\ aAli—'I L t A*wiv* J, A j\j XjT j! jJ 

F = (f* + F' y ) a = mc| - cos#)’ + (sin 9 )') 4 
.-. F = mC(r- vcos#)' 8 


(\--\o) 





C-*j^ Ai J 4 Li X iL.fl**- Aj iL . j 0 Aj jlj J^j -AJj 1 ji ^jj+i J *i 


. n , F v sin 6 

tan 9 = — =- 

F, ^ - cos # 


: *j~ ^ 


0—u) 


^ 1 *jlj_5 ^ 1^_ t o J-*i ‘ ^ 1 j j j) tl_to -Li oiL- ^ I l ■ci'iS" Jiii l«ih 

V I j ^L—* 4 ■ ( ajS” ^ a»»juo d£<,<r 

. j_r J jj^j^ A j*a . s > j* | ^ r vt»p* C*> 


i—r jcu 

j.. In9 a—> 1—Li I jl t ^ * * * kg / /W ^ 1 ls - ^' i_j^—** ^ <*—* ^ * jl_j-9 i ~^- 3 

. ^ J>-b aj V /w /5 ^1^ l ttomw 

1—> lj O l A_ST t -U5** * ij J^-jJ L*- A»*A^ Aj Ai 0 jlJjJ 1 

<_£j . x£ ^jA \tS j \ ' ftl / S \L+& J*M \j 1j 4*iJU 0 ^jA j} 0 * Ai J l J 

^ 0 * —V ) ll - jjJlJ*- 4>%JL*0 ji Jjlj 

t JJL_>- j^j \ 0 * A*jj1J L> ij <w-> 1 aS" iSjJ^ Aj l -L^S* Jj-^aJ J Aj Ij £ 1 




. ~LJI 1 


1 ^ 


A_ST C^l^..y- 0^-*-* J-5 Y M I S Cs* J—>M [> *S* ^J* 4 ^ ® * Aijl j \j A 3*Ju& /1 

<j>Jup j+i o J—L -5 j1j 'Sljtr* ^ ji L C+S'j>- i Jz ^a ti^jLLil Jl ojl y 


S C—-I \JJL>- 



jlJuL ji cSjf- SjlJJI J-ai 


i 


• V 



<_£j 4 j *S ^jiisl ejl^s lSu fjljj iJjUS ^juu A MLa V-T Jlijt f \*-V iJ5LJj 
. JuS ^jo J )$>?. * (jJLSl A^rflia jJ 4j> jO 0• dj jlj L> ^Lu» 3 ( J£Jj 4^a.^ 


■cJ,sUa« oj^ ^LS"" '*-; I—> jljj ^ l j -u£" aiS” J> I j {m} H . k_, 1 ^^ 

ji (a- r) 

{w}„, = A^{pC}„ = -/ICiTrD' {pc) w = ./TO* x./.ro T x \... x \. = f/tN £g/.v 

! 0 1 — ^ 0 ) \n .*^i ^ c> J 

F = {/iiCj^T- ycos #)' 6 =f/ l \\x\.xr(r-rcoso-) 3 = f\/o N 

I Jj 1 t ^A a i 4a ( \ ,_ 11) aj 3 be- j\ a J1 j.~. -a I la 0 L X iT ■ $>■ <4a •■!■ ) j 1 4j J tj -1 -^.a- 

. sino- ’ 

0 = tan -= f 0 • 

> - coso • 

j- . w . 7 ^_j j-^i.^ ^ ^ C.^> - ^--aj jja AajlJ L ^ 1 <f 4S"" 

jLiu Jaa'y J- »U>I^>- Alia- ^aI t lla ^l^a ji lj *jt-aO^>- 1 Q. a^tp I^a^ 4il —-J oV-Sl^a- 

4_Jjlfc* Jt oila: at Lr F" -ClT jt tSj J? 1 J^a tjaLa 4lJ al No* i$ 0 _^- <> 4 C “t 

F" = f/t\ X \ .(t - YCOS\0*) /i> = Vf/taV 


: Lc— I ^ 0 —n) ibU. 6 " 4 Jt 





oVL-- 1./ 


v sinNfi. 

6 = tan -= \£> 

't - COS^(i• 

-L\_i |_g* jl 4-uS* >, 


{<?'}„. =\*-T = A »?/jr 


Ol^A J.} V 1 Y\ i S S^fi’ jmM L t /1 

! L» kl—ui --- 1 .3/ ojljtUvl 


V 1 L5T- 1 






{/«'}„. = ./y<sx\ • • 'iix •/•ra T x a = mr Ag/jr 

: *y F' “ u i 1 ^ lS 

F' = r/\r xax(y-tcos> 6-)' a = f*/vAf 

\ <1 —*1 Cjjy^ 4j 4 il —*\ C-S j>- JU- Ji 4*%A~<0 (F -L^ 

F W4 

. JJl* ^jiLz sJ^Ij tJJ j \y 

4j 4 y* oOJb^ CSy>- C^>- Jj S j'j* j I. Jj~l Jj J jl_JJ y 

C—-j a^ ^LSo^i j 1 irLs^ JS> C ^ L ^~ J j 4 -tj'i y* ^Jo* 1 1^ 1 <i«-t5U JjI* 

JL»U*-I ( _ r J l 4 xS ^y j I J <&%SUP Jly aS” W 4 C. -kI t A 1 @ Aj jlJ 4S* 4 JjT ^y 

4_J_jj tj yjl j '- hl 0^ j-j *-£ ■■ 0 . -LiS" I-L--j lS-ZJjJ 1 aS* ijb jy_) 

‘si j-> iSiji 0=^” uSl* iS 0^?-* • J _K 4^* ®‘V ,|J J 0j^* £j*-» xS y 

4 (A-Y«) j£_i yUa> 4 j~£ b yljjj ^r?.jy ^-L '■ j~^ 1 j 'jjjj 1* j J l* 

t 4—i c ^jLOj ,^L Ajj*j 4 J F ^y 4. F j\Xi jj 00-« 0^^ 4 I ji . j#^L iu«i 
O'j-I 4 j>0. ^,-4 xJy j\jji C-fy Jj J xS ^y ^Uo. C-^- Jj -Imi 4^ xlt. 
Ob-* jl 01—4 j j - . P ^| — .^3 J Aj jL—J U J j 0~ pi» Lfc e^j , J 

.-l*J I J 4-i^*" 4 Z*£-J~* j\jju> 4^jl _J -US' yaJU 4 0_jJ *S- y»^K» y 



jljjL y* ijlJJl aJjU^ — yo 


JM 


i-r ju* 

Li tTo mm jAai o jl ^ < ♦ > kg/m r J & r L^l 11_ j I jiji 

Aj jlj aT i, A»*jL* 3 biX; ai ojly aJLphj y*- aj 4 ^ * Wt / 1 ? y ly { y^Py* 

jlylp A—i 1 ^rlant* A-xm^./a . J^S' ^jy*-y j 1 jA a\aAj ji 4 c .*1 O-Li AImM^ A$j to ^1 

A-» jjl 4 <j£^—'H A y g -bi aS*" Ai b xj" JaP 4 

b ( \ * —A) —X ylla* l * O jLp Aj 4 Jjj ^ C. ■.«>..' Aj jT |»j J A«J j 4 >»jL^> 

^1 4 £jlj j* ? c^l J-bi>- 4 jlj y>- oXj5^ y Zj\j (£jjJ . J/.:«-,» J^iil A >Ju0 j* ji yt 

;t 0 A_jj 1 j l j \ ^y*> J *°TJ* ^^0 ^1 Aj jlj L j 1 ^y*> aS* ^y£« p-A j jL j^- 

9 ^y -L*l^y- j-bi>- jLy^* OiXJ^ J*j _/ Jjlj tijjj ‘ ^-+=r- 


J (A~r) A_J jLc« jiy jLS^ Arf L jly ^y I J b XT ^y liS** y lj bl^AJujI aS*' 4 4^» 1 ,y ^ 

► Jyj aJjIa* jl ojliL-^1 

{m} M , - A xx {pC} w = -/Xbn D'{pC} v = */r^)7lx./.r6’ , x\ • • • x\. = f/\ \ kg/s 

4 -l-T yjfi b ^ - ^ j ^jLLi (_gUj^(^ ♦-T) j (^ ) ^Ifllt* XJU 

*->%JU0 1 A—S^ 4 C. ^ CJLj»“ J i-UJ" ( ^y* liy y Ij bi^iLlil 4 i^-»T aS" w—i ^ eJU- 

‘ F\tx lT^- tX ^ ijjjj - ^ v>J J* L> • 

! L C—1 y^y t(^ * — \ ) aJ^Ll* jl o^Lu^lL 

F u , = HC, -C,) J, 

.'. F, /r = f/^^x^.-(f/^^x./ 6 x^. cos t 1 (i + (— 'P/^ \ x . /0 X N. cos f£>))= fVN 

y ' - <- >• j* ^ j*- “SiA 4 ^y 1 y Lj 4 $ y* y ^ ■ ■ ■»fl i y a _ ^ ■ j L y^* ‘>’ ^ ja 

I L sj. ,*\ yly (^ * — T ) a]jLc* jl o^U^I L 4 7^y- (l * 

F u , =W C .- C .)J, 

F/Uy = .COS^.-(./^>XT/^^X^. cosf£)+(-./ 6 'xf/ < l^x^• COS ta)) 





0 * — ^ *) aJjLxa jl d-alai*-l b F x • X C.^>- ^jiS* l£J 

^=(4+4 + ^) = ^iV 

:l o**i y\ji (\ •—^ O italx* <i L F v t y c.^>- jj ^ 

^,, =(^,<V + ^yv +^)=» 

Jjhlj>- J^j 4-1 0 * — ^V*) a] jl»L4 Jl iF JJj 1 jj Jjjj 

f = (f; + f; ) /s = t v> n 


ml T cr! J 


\-m/s wi w 



jli a*mS 


, » 

>■ I 


m <y J 


Kmm jkj 




1 -m/s 




<—S-j. 4j iS .ujI j^yiisl ejl^S cSj ij ytSS {**>■ <_$! *M+e JuJ V-A jSLi 

Juuf^P* 1 < -i...i..j)j ^^£$1 ^1 4-Xfl. ^ jJ uLai 4 jIj val jlj ^jJuJ” ^ ®* JL **^" 


<0 <^_»»ia!> ^—■*! ^Laj jaljJ t aJ_i ijlj iSij^ • l ~~“1 X Of>- j i i JyJ -Uj.T^ ^1 

<j jlj jl t -Laly ‘ *-! ‘ ^ jj L->j y~0 

d-UllS^ \-L->- ^Jjl t O Jy*& ^ ^ C—*»ji 4 I 4 JJ ^ 1 . kl -^1 JjL-** 

C-^->- l& L ^ j—- j ^TO 4jjlJ b i; O^j^r 

j~>)ji 0 * "* V) <-LL* Jl Lj F^ x t X —>- j-> <L£^ f - a JlJbl yj t ^ o^li 



jl-bL jL^>- j* j>- ijlail As^i 


i\\ 

F’ lx = t/ ( \> x \. - (- f \ x ./rr x > • cos to + */fv x f a\ x > • cos fo) = rv/r N 

: ^ (' * o, **ry ^ F[, } ‘t y _p cS'j>- ijtoil jj 

Fl h . = °-(’f/^x-/rrxs. cos fa + (--Avx'f/‘Ax\. cos fo)) = \\/A N 

! I <JL.m V *\ _/)_/' 0 * “ ji W F *LJ i J> ^J j-> 

F’ - (rv/r' + \ \/k x j 4 = rv> N 

. yji x C—c... — < o <i y j jj j i 

WA 

6 - tan -= w/f 

rv/r 

oXJsS’ ^ ,. a I 1 j_J <S~ jjIj o_j;— i. <i 4 -US' j ^ 3* 3ji iji' ^ 3 

‘ jU_L. 4»- j ^ jj jT jl ^l>* ^ j •».)'■> Ji 1 V l5 5c«-; ju»wji -^T ^ J^p jLyr 

. ^So j j?~* j* 


ojtjs vi£> jojjt lJ x= i *-r-r 

<jf ^5-* jj-; 0 ^—aJJj jj vi^ ^ ^yjL*j 

tC—»' jj^* J^-lj JL- ( _j 5L:L-I jLii jl ij 1 , ^J— 11 A-L^j 4j U ^ l.» 

^ 4_r 4J_j—* ^ 5 -* jL^c-l jj-; JL-» j' 4 ' -^ >• kJaJL»^»j t _ s j .j^r -' 1 

.(1 * —^ ^ 1*1 SFME 

jAij jj yL*s iL >-4 y“ 3 jy. ®jl-ijl 4 j ^"1 

^ jl ^yiU xilm jT j C sjiy j 

: L C —1 y)y i F u , Jju i X C-^T Jj 


jP Uv = m(o - C) = -mC 

>- jJ 1 ; ijl_j jj->»-* ■»-; t 0jlj-* '-—^>*" • jl-^—il cSj yi 1 j OjLp -o 

>J—S' y»- % jl-U>l j j? jj j-jl jl 1 4!—jIx .>■ jLy>- ^ L«J jy? j j—-I x 

«—>«>■ ijljLij jL«j> «jl_j —»4 xil _js^ ^ij^" jj J »'jj^ • j—j y>-3> z j y 

jl ^'Ij — * ■ t^$\—* 3 j?‘ ■ - X" ~j JL»pI 4^^* cS j cS^*J xf 3 U 

^ Z 7 -UpT j, ijjjJ . XijU ^S^yj\F jJ 1-US' J*p j-il C—- 4 » ^‘li Oj_jvo -o »jly 



F = F x = F „r = ~ mC 


0-w) 


iz^r 




I 

X Jl*- 


1 


c c 


%777 J77?7r/ % 


<**)* <S>* 


JL**^ 


<j>** <Sj' jl L -^f. islji JV—^ 

! (jLJL* i^i^j i Oj^*- 4 U-^lj J^T *■> iS^y. y ^y o ij+Ssfr 

* •*——*1 _/ »i>bj ^jl.lJL* (\ 4 — W) 4b U* jl j^olj Jtmaj *£► ^S"I t ^y.^jT \j Iwlyb 

1—1 Jfc> 

. C.—>*l ^j£jl*j I ij^- ol^wUj I js t ki^j ^ c in1->- jy y ■* 

• /^ ffl l^>-L-> w.* L_» ia i* jl t ^ / Y0 ^ j ^ * 171 i S \l*m£r j** \j w jy y 4j y? jl 

qJC\jj—^ 4 L-4^S^ JlJ y ^ $^y t ^ j—t I* ^y y L lj^ 

X' > ml S jAj, J&y l y J>-b <; j J^S" ^ dS'y lj t ijUjlS' . ^ 

j J—«>■ » O jy* *i jyj* jL j jy> jJ . JJ_^i ^ -uliw 0 *-^ • 




t o' J' J J j'j *** jLli j^j X J^—• *£ oT jl 

y^A QJ>.Jjlj C.. lfr 4 -j <^T* ijl —.•# O^i^rT j*T ^ *^j\ ^ o'^j lj 0 *~^V) 

. w W ^l 4-5 j1 C~p- y-* 1 {jjljl^ *£ t j JcS' ^ j+J6 

J j —" ‘—‘^^T* J fa}fuel {J*J^~ L^- 3 J fa] air (J */? Lf J . j 

: lS F ^y. ('*~ w ^ 1 ^ Cy) Cyj>)y. < -riy \ ^tjA i 

F' = fa} alr C, -({«}*, +fa}p,,)c, 

^jj-~ e j->} V (A-f) ,j&—* j- «-i->l** jl sjUi—I L fa} cm . ijjj jj l>» u-^yr (ji- 5 


fa}air = K { P C ^ L, = « /? * ' / t6 X \ • = V/fi *g / * 


J r- ^ 


-y* LS*yr {J >- 


sjlj 


Ui 


W.M = 


M« 


o/v 


= -/\V£) Ag/s 


: ^ vl—-I ^1 j> F xAy ijjjJ 


F = v/ax\ --(v/a + ./waJxr-• = -mr/o N 

jyi ^ jjlj jT o^U- jj JL- Ja_-y 4 x 4^-f»- ji <& 4 *i-*i jA 

. X jj YV)Y/o N jAj* jj jyy CF*^ ^ lS',x *jy 1 <jiLr 1 .^ ‘ 




L. f 


tu 


IcJb- 



ijtf 
f-'in/s 

ir 10 

• • 

^fuel 


C-> jJJ^o ^ tfljJ 


V-f JLU s V-V J5L* 


1—0 JUo 

Lf *._.• I . c. .^1 ^>- 0«— \ ^) j^l la * ^jLp-L ^>L *—-1 

‘ cr^J J*~ tf* o'V v"*' Ji 1 % / A ' £/ j'”* kg / m ^ISU- 

t jiLi __-1 ^LSLfc . ilSCl . l -»I j/t j) I • -^■ ' • ' ■->* ^ ff!W _^la» jl-5 

V Zy -Ul jJ* i>- . .i ^ti AlJ^j a^j 



jl-UO OIjJ j OS’ j>- rjljhil aIjIjui -^pj J-*oi 
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AJIA* JSU 


Ud&Llil } jS jl a^jLa* j£. jj tf • • rev/ min cp^- L Jil ^11 

1 j iiiliLJlil j -* «_T jjiT c-p^ 4 .uil j\j ^jS”^ jl V • * mw £l*i 

. a»»»Uv ,/* 4i^i aj t xr eS j 

^L_£p Jj ijijLL* j 3j1 j *1^j L* lj k—* l lJ w—l jU ij 4^ 4 

.-l^" jj-*; tC—l JU- j:>r* • rev/min L . lT L , ^ 

V u*i*L j-pjlp* 1 "**& j I 1* jl-U L <jf s ’j~“ a>- j~* 


J 3 * 

. a^lj jjj Aj 4 Z) ^JaJ Aj il^jLljl ^p ^1 jj 4 v 4 rv jP | Jai« • 

A JS = -/Yj/rZ) T = ■/'(C>7r{\x\.~ r y = ?/r?x\.“ a m ’ 

lJ _ 1£" ^yjj -_j 4ii {w } H . jP \S* ij'A 1 j* aS" !»■ jl Jl 

: ai's.'^. ■ W* ^ u* lT^ ^ *i ^ ‘ ^— l 


{m'} H , = ./<>{«}„ = ./axi/r = ./f Ag/j 



C^L--U/ 


t O-J jTL-. y* ‘ {^"li. ^ u* ^S h j* <j} '—*y* 

\ Jj I ^y* C.. O 4 j (A— 1 “) a]^U> j ^bZ^Myj^ 4 b*-«J 4 j 

{«'}«■ = ^.,s{p c L 

•'• i c L =- rzz —^ = Vf mls 


\ • • • x ?/r? x > 


ji L* vi&Lijl i c 


;Lijl t c—l j* JLj- jiV* • rev !min j* l ^>\^ & ^ISot 
\ i j-i ^ y_ j <Jajl j * 1 —*j 4 j ‘S 4 -u^T ^ jl jji JjU> ( j!pL iY * • mm ^U-i 


r. .xwx./y , 

C* =-= f/r /n/jf 


__>T j >—>! Jl—— l> _ y —~J '—■_/■* L jjljJ 4 {C }„, ,j 5 "Lj «>-^ Jii <j 


Oi'jiH 4 1 —" <SH 


{c'}„. = {Cl -C" = VT -?/r = x/\ mis 

4j I j ^T ^jl^i Ijj j ^ C-# £ o-Aj jU jl y l j ^jl—* y- 1 4 SFAfE yj £ yaj L 

J3 t>j\yj *S J—Jj JhJ *—‘ 4 J £ C>J-0 y 4 jJ ,_ y» ■» - jl . JsS" J* X-L>»J 

<_->1 j—*ly_j ‘ C-—<1 s-luS' ^.S" l ^-l»- ^ 4 J^-* Crl) ^y^ £ Lf* iJ*'*'! u'**' 

j -Ljjta jly* \-j l ij Ij <j Jjjj J > aS" J. ': ,.,* I ( l l 1«JI»-) Ja^l y l«1 4 y y 

Ij^L^lO’-H) jSLiJjlk^ v t *r J J-i ^ -If _jj j* L y——J Xl ( Y CJl»- ) Jj»-J J>- -l»ilj»i> 

• Lf* 

L _j j jl F u C-Sj»- JjlJJl <jjjJ> 4 L- vl-ff- ^ _^al j3 L 

t J_j-i ^ »ib Jjjl <j (\* - \ ) JjU> jl eiUl—I 

F u =Wc,-c,)}.. = {W},({c,}.-{c}.) 

.'. F k1 =\/rC, cos<\>-Yx./^x<\/f = -u/r N 

. il—il l JL J>- vl— fry j3 J jU •$ JLAJ ^4 jLj 

j-yL* 4 (TQ) Jjlj 0^1—- '-‘jy-0 <-; b w-«> 1 t c*^l jUi i^wS*' 


* b 


TQ = F m x./T = -N\/rx./Y = -Y/r 



MV 


jlxL j 3 U- 5 - jf ijljjl iJjlv* J-ai 


tJj—i 4-Xl j S' j\iu jJ Jjlf i_jT < i u—“1 jijjJ j-5 i_jT*5"" 

•■ s ^* i ty* TQ pli* jjliiS' 

TQ' = - rx./fxr/\x-A =--/vf jVw 

*1? kg/s 



^Lcli jjlb cr^3^ 3 J>^ (**-> !•-'• J^a t ) —IT JS-w 


t -L-iS^ j— J ^jzs* j*m b Ij XL t XiL jA +> i ^jUL* jj bJLS^ a£ /^l ^1 y 

i .A .*L jl jji (J\>- mis vlL ^—?\ j+* 1 4 xT ^ jljj^ ^ jT j** 

\ C—I J>j N kv C-f'j-. \j JjU. 0*j- 

Vf 




■ = v/TA rev / i- 


w x. /r 

l i_jT ^ / Y / J a-L_i Ol.i (_jl J— > I ~ » ; . k JSLi 4—S' kU-M U'bj J '—-^ r 

. -US' ^ il>^l 


JkiT ,^o j^»c jdu eJj ^55 j jl JUw Af* ^jiUj * 3j*i ^ •-T’-t 
, -Li »jIj jj aS' aI^S' jU-* 4 -US' ^l-S”j»Ja-u (_5 jj JL-- aS" jUj 

auS' ^ c_TjljT ^ 1 <Sjy j 1 ■ - Uj ty* cSj^* 





Crt L--U/ 


tu 

J j 1 ^ X -L JX- X-p j X$sj ^ j aj^I J»-1^ , ^j! X ^Ij j ! ji j yj&- 

ls- 4 4 ^ Ojlx* j~* L aS"* . Jl—* aj^/ ijL* j*. * y M J 

^L^L-^1 jyj x£ jljip ^ c ^li-- j xS" ^ xS" lj JX* a 5" t jj <_£jjJ 1 j 

jJ jL-S^ U1 4 J^JJl>vi SFME Xj 1 Aj Aj*-jj L ij JjJ jljj ^5" L xT 

•X _) .u:—* \_ r a r \ JjLi )} s* C C-T o jlXjl j ^jLXi —Aj. X—X '—itS" cOjX*m* 

'Sj^ Jlt _£jjA <±)1 X-*l >W > 


djfa JU-j *T j < Xol> x& ^ £ j\j tS3 j? \*-T-0 

j J —ft-i JlX ^ x*b- *r l£Jj j* lJX - c>,Jxlj Jb j>r l 0 * — Y) 

*UCp-jj ; aXX XJ y Xj 1 y j^ j j^ 8 -^ <j \jSEA'fE XjI ji i 0 • — \T*) U 0 * — ^ ) Xj^tabt* 

p_«- jl j^>- jlli j j— 1 1 t X—J £f >w? J-** J* 3 * xX"* ^ 

J JX ) '^~ f, j~‘ g,jy J j i-* 1 }^*-' Oi' ■ - L; *-r ; ^-*-1 y^t J j£ 

. X> <~^y ^j~*y j «5 a 5 * ^jU^A 4 x 5 " ij jjJ a 5 " X .. -« < 1 xU- ^ m > > - v^jL 


4 jb f^ 9 L 0 cJu t JImj 1 • — T—I 

jX aj 4 iX jL* aJ si£j (j?\y i SFA'fE Xi l|^x 

j X —»\ jZ oXo^-j l j*y* z^j>" J^bt* ^lu jl (i j>**) xJl>- 

s'' -l-A aZj$’ Jji X>i y\ 1 " ^ Aj yj 1 

<Z >~o xJ^ Ojj^ 1 j (J^- - ^ xJl>- ; 1 x ^1 

Lj ) xjl^ ji tjL*« L oX^ ota <Sy^£ ‘^ J - 1 J ^ ^ J -^TV l 5 "^ d * 

J Pi ‘C T C-Pj_^ Lj T xJL>- jijXi- xjbly- ijlj /?, JL5^- j /?, jLXi c C^ C-p^ 

^ b^- t X —«1 oX> ftJil^ 0 ^-*! (^ * — M - ) jJ aT t ^jly- yC? T 

j! jX^jj Jl—- i*lx j J^> a! ji <Sjy** s ’-—J* 3 Jb 

3 ^-j JL_^ oLj^>- C-j-Jr Jj lj-^' t J-S" iJJsr^ Ji'y^. L y* Ol‘ jl ^iaA. 

OjljLjt l A_ib /?? JL-« y>- ^3 , *_.l (I J[ C-JJ-H !j oT i£ t C—i^3 -i*l j>- 


:LC 




OT, 




jJ C-f y ijl-lil iJjlw ~r* i J" a * 


/•„,=»(C,-C,) 

; t C—■! y ly Ffr 

F r< = 75 A xs + (- A A xx ) = 4, (a - A ) 

u—" Ji' *i J-* C-« — < ^ jjti Ojj-> *< l|j‘ ( 0 jj) l _ s — ijj y 

: L c —1 yly Fj. t x C~y js ^ <S)si ■ ^^ l v 3 r' j J _>-- yj j' 

/'v = m(C, - C ,) + A„ (a ~ A ) 0 * -' A) 

J y? 0^ ^ W-" • <s* )? F iSj j? oU-a 4 x j j 

Ja—<5** ^ jjyj . -bL*j 4 —Ip ■* l^la.^1 ol y\ *f C.--<1 4 -US’" *JjJ iSjJ 

L iwaJL^* L-l 4 j—>)y <Sjj? * ( cTy 0 j^j^) Oj'tf (3?^ *• ^ <JjJ *» JL** 

-UU x C^- jJ ^jiS" <j£j^ . Jj-i *j\j Jl—- jJa** t «*1—*1 

jl Jj L# jLjcJl^- j—» . C~-1 JL** CT j>- k_jJl> 1 ^ *£ 4 Jj^L ^ ^jI^j 

(A— Y*) aJj\jw »*^*j *JjIic* 4 «Ail »1 ^JtSc*- aS"* jy& 4 JL** 4 !^* 


™ = a( 4J c , = a(^,K, 


A IS c*>-1—«e 
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^ 1 -% 

p, jUi 1 0 
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m 
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jjiil 4 J 3 J (Jo jLc jl JL-j (Jo (jl j> J j~S (**0 V-^Y' JSLA 








IT* 


). - (/4 VV ) T «-T “V 4 -Ul OjU Jai ^Ijb *i j> 3 p s - p , ^1 


'»," jS l~& djl^Gi jl L^J J** *—JbL 'j*i Jl—' iJl-Pj-b*i 4 jljbli ij^ 

4_i t C _ j~j j->\y \Sjj? j* J “Cj I y i (1 • —^A) ja j 

ja vL> Li ^jl—JUS t ^ fl*l -la^- ji (JL~* ^ j^.jT 3 !" t_£^y ^ OjLp 

^”L$vllvs>' (_£_}aJ_l5" ^ • JjUj jl»bb jL ^3*- U Sy* JU-f-l l * - H J T 


F = F X = A t , (p, - p ,) 


\j iH—ii y)y. J ^ Jl^-^l Jk ^>* , ^H j r j* s^-—■ 


(\-H) 


^ll—<lj >■ L^l L ^ ol<> W’^ 1 jj^l 6^ J Ojljjl jS^l 

* *XJ- J_4>1 jiJ *—>^ ^J ^ 5 -* ■ “ ■■ ? - * — )A) J:>U*« i JJU>j jy** 

F,. =-«r(C, -C,)+A„{p y -p,)±mg sinO <>•-*•) 


4-j i.*-—1 j -u5*~ j^-jL ^3jJ JL—* 4 " .->1 C-..*.* 4 C—«*!Ap 


,-uT oS> VL 

sL^-j jjjJ ja Jl--' j \±j>- j~& 4 Jyi ^ Jy <a>^» j 4 i£j 

4J_j] 4iSL J J J_*P jjl f U.J1 . aji 41*^ Jal ja Jijj? jj- tJjj y>r } 11 kl— 11 Jjjy^ 4 *3^J 

< 1 ^_j Jlil—* .JLS" lj jlj ^Ixi* ^JLl—-j jj Ul t, »>l,^i oL- . 2 :^.* 

<4—i ul*»\—**»l>y4 jJ (| _5^ w ^ l-» 0^^ 4 i> 5 ^ lj t ijl>- U . ki^Llll 

J^»>- jl < 0^^ ^ £l (^ll*) 45^ w jy*& - $y**> w ^lla* ^Ia jLi-J 

jT Ojj-5 4_S" ^JL—- jl !>Ul£" j . ijl j jT ^k.- y 3ji 'S&i* 

j tJLa_p| (. dJl- -LJ^i j*j C (JLwl ^ 4 

iS^J-* J 1 (C*JLi>- J^) . ^L->wJ Jl>- < 1^1 ^ 1 J 1 lA 1 . Jvrr* 

• cr 4 ls^ l j' j* & '•yr <SSj* ^ L - 

O 1 — j\y^- 4 Jjjli jk> 4 ||» *A“»*mA ^U jl— 1 y 4 

Lj j jlk. ^j^J’Ll-'l ^IajUj jl 4f -U5^ ^ 5 ^° ^_ 5 *y ^ J? J-J l y Ol—*l>v^ jl a J-" l il—O 
jLU k J-»l >-1 ^ ^JjLIj ^J_jjJ IjJ j 4 J_j-i siUl^il ^Ia jLlj jl 

w—-I J^-‘_ Jr^ j* “■! ■ j' ,_y»° j* y** C->-L~* ji 4^j yi- _j jjjj jj JL^- 



jlJbli j C~Sj>* tjlJjl J-a* 


^L>xil Lj v 2 j Ji_5L jj lj i jl jJ^ 1 j_S^ll«l 4 -- y- gJ'lg4 l ■■» ^jlL r * jl a5** 

^jgj^>L^- SFME a \zi\j ^XjLj w tg l 3, t w^Lw«j.> i_$^-**1 

Ol— ji jj-JLli* ^LajUu Jl Ju L k C—“I (Y— \) •Oil*-* ^1 yg lit.—Jl . -AJ y* 

. j £ saU^-l 

1*-T, JLU> 

■ *jj u~* Jiu* ^jlyg t o ■ mm Jbi Ai Jg^t ^*\ il_p t ^1 AiU-jlT ji 

^l^Jl jj . j_j- 1 ^ “d_jJ jyJ jjlj Y m/s _, Y ll kg/m r ;Y* • fcPa jLl* Iy* 

4_T c 4j_j] -k-_,; ojJ. jjlj u# S'iSCla^»l ^ Jx i. c—If/Vm/ s jH - JcPo Ija jUli i <)_,) 
0 * —\ l j£-i) ? C—-I j-Ai»- * -AlS” ^ £*£"j>- I jA i_a)U« C .,0 ^ 

'l_$-->- L-» w>T J Z fl!! * j^l^—j i g 4 L j^J 3 4 I ^J 4 <kdj 

- g j!_>«.-* ■ g *■- j J -_S'' ; <J W -»J- t ^ oUl-I \ " ' kg!m r 

s— j I jl_C—fl j I jLXj ]&j>\’jZ* J>\ l Jjfc1^>- t ju£* u 1 

<jjjS*" y»»* jjji? C~fl aS" - L lS" a^-.J j* ^5T*j> 1^* kS'yi^' *U-il ^ali* jL* t 

j*-i (. j-;Lj VLj l 1 .^> ^ A-j o s^..*X ^1 jl^ jT JUil <)^J . Jjb^ aJ^J jl 

^ l I -US* C»^^>~ i si ■ ^>- aT l aJ^J o-Li» <Jl*pl 

, JL^lj 0 \/ Y 0 lYl 4 jLtj C-jt a» ^ S^ji ^ j} 

J^f ^v 



lyb jltal 




^A3l aJ^J uSj ji^ JLyui lXj \^}y. f tr^> V — ? Jlio t — 







oVL- - Ujf 


ITT 


• j* 1 ^ b ^ j' C J ^*’ J ' b ^ ^ J jjj 

jLilaj 1^—X j^.JjLj ^—• ^—> Ijil IJJ sl~*l f*^"I^ 4 4 I—*JL—> aS' 

4 (A— 1“) LJjtL^ Jl o^U^-l Lj 4 , *-{ ->jjj J-> J '*-£' ^ 5 —*-• {^}tj/r 1 

' ^ J** J si-*^ 4^5si— 

{™L = 4,{ACt=-/^ffX'/-i' xr/fxT = ./..U *g/s 

U **y L si >m\jA JL_^ iij 4 .X sl.^->■ 3jlj J_I^lyj 

. si-* JjJ ^ 0 *”“^A) 

f'=f>Hc,-c,)L+^,.{A-p,L 

.-. K = FI =-/-.U(T-r/v) + ./Ti^x ./.g'(yx \ . J -\/\x\ . a )= wp/y A^ 

. C—J 4^^: Jjli OS'ajloJi lS 1 *+- i 0—1 ^ L_J \jA ^yyr ^ j l 

. Oli ^ ^ijl j*l ‘ ^ jb ilS' \S>U.r?l <T l^A O-P- j— 4S' -*—• y j!hj 4j x . ■ - > « £- 0—1 

• j'-Ul jl l _ r j«i ''■3jr‘ *—“ jr" j>: Jb— - >- •*;*» • jj 

. ,*\ 1 ijL* J*l*Jjl 4 1 ^ J jLli LsZ*S” J>- 

aJjU-* Jl 0 Lj {wj^, ^j-o <• si—j*-^iy JjLJ J Jl—^ 4—f* J 

I -Li 1 >H .O </ ^jij sLjjy^ <1 (A-T*) 

{m} M . = .4 Tk {pC s = •/to^-./.o’ x\...xT = r/ir kg/s 

j-L*cSj>- «JlXl j -LiL* -LaIj 9»- <^5*^ v — 1 ~ , 1^ t C—p' l -Lilj y# Xli |*-5^1 ^ JL-# ^S**! 

Jh^ o t jc C^-> ^ «-LJ^ I ji ^jjyj (^ * — ) 4_Jl)^j—j jLJ^ ^ 4 4 s i 


; -Ul j>~ 

F = F x = A XI {p, -p T } H . = */T 0 ^ x./.^ 5 T (vx^ - 1 ~\/\x\-°)= Wf/v A' 

C_->l ijlJ ^ jl Jin j J—L jliy^ OaJl>^* t viS'lSsJa^sl !_Sj jJ -^,Li j^i ^1 

L ‘0—1 jlai i^jj~e JjI# IjA ijh_j*r ‘ S* j ^- sjlXl ,_5j _^j biJ ‘ <S“ ^3* ^.J^’ ^ 




jl«*j^ w i J-^j 


jL-^ Ij_a jl ^T i J\S^ r I^hJ t -L_al ^ Jlil *J^J jl ^L^S" ! aJLs>L» jj jj t Jl>- j,l 


l£J^h. ■ »> ’ l£^“*J yr 1 jl j-* 4_j 0 k— -Jm aj jlj L 1 iJ^J a*T 

& f aJ^J jj>%a J_J» j-i t\L C.fc. *i aj Juj 1 jj 0 * - T 4 ) <JjLc* jl . XjlAS' L> JJj l y 

■ -L 1 ^4 <I-***o a* jj j aJ^Lm jt o-iLai_.il L 

F = {m(C s - C, )}„. + /!„ {p, - p T }„ - (/»}„. gsm 6 

^^ l^ fl * vJL_s^"L_ i_4 j-~(P Lj jjI^j c <1^J j! OVYO aw <J^]» (wi) ^ 1 ^ 

: OiFF 1 F^" j* J L <JF JF 5 j J F t( <JF 

m = /i Ti Z,{p} v , = -/ro^x./.£) r xaf/Yax\... = \ \./f £g 

! L i-I—-I y) y F \^S l^,la.,g1 (_j_j 

F = w* 7 v~u./’fxVA>sin ,6 = AT/r A r 

(*-*-- C-4-i- jj) LS ~~»- lS^F FJ 4 ur* F^ cr^rF JF ^ 4 XjT^j oJ_>^ 

• - >: ' lil * '- : ♦ * ' oF J 4 JiF* *F ^ iF*-® ^ Jr-''*} <£J F' 


' -Y Jlio 

iF"^ ^ ‘ AT 3 o - ml s 1 1" _> C-t- ^ i jUF l> >. ..t ^ *j l j* 

<F -—>i a i i^ —^jF L)L-—• F l^—A ,-UL^ <jL^>- " / 'l m F ' - ' n ‘ C^-L—. Li l 

- 0...-I a-L^ i i J~ jLjy>- kl.^ > - jJ ^ j i...£■ Ojj—I s 4_i t l FF 

LI—^ * kPo 4_j i ^1 OF OL—. jl j jy - y jl ^jLts c JlF ^ ^ 0 ) 

, *h a,.^ ^ 5 -^;—"J^ ^ F °“^ 'SJy* 4 “L ^ 1 k——F jSu l y F*^ 4 LcF 

? F_-l J-U»- 



oVu.- Ujf 


4 • -U—^ b T CJL>- j-5 ijL_i j>- s_ • «*Q i ^j-j b Jxi l y ^ wJ l>- jJ (jb j2*- *■ * - ^i >N L» /' 

4—> (*\— ^ jl cOLdl~*-l b |^ ^1 4jvl.».0 Vb 1 ^Jl£»- 


<0 *w-J JJ-+? 


M =W^=^_=,/,*«/,„' 

VM "' r {/? 7 ;} o() . yayxyv 

: l c —‘\ y\y i {/? T } <m . c—o j-jL i^* 4 4»L-* jj^> “Y 

"" {*r,L 

jby>- C--.-Q 'i/b Jajl^J ^ 4j^bu« 4j jj b (Ijljbb j>- 

: b c-l y\j> (A-r) SkU* . J ^ 
{«L =^«{aC,L =./\9x\nxa- = V9 kg/s 


4JjJ «^>L—o 


J^-J* f>X > 



Li*s lSJ (jluo jt IjA lS'^ Jj*^ V-Y Jlio i V-16 J£-i 

^Jii! isl^ato <-& 






jl-bL jj 05*j>- ijljkil aJjL« 


t Lyrr ,, -)> L—o t>sk 0*j>. S& <> j\y> ^j*r ^ L 

: ^ LO-j *i Ji 1 *» ( C t L, ^r* 

{c ,} = M^=^—= M/fm/s 

jj L . Jjb jljJi l_y* oS>- L-*»- Jj J 1 jy+* jlditl jJ X A?* Jj 

c—f o-li ^Lajc 0-uj 5" < J—^ ^ ^ t SFME ^Jaulj ^Jii 


4 «j 0 * —^A) dJaJj j\ oJlflT i-lb X 


4 Z 1 j ~LJj 1 y>, 


k j jJ j <■ X 


F = F X = F Mx + F Px = {m(C v - C, )} mr + A xs |p s - p r } air 
.-. F = F r = Vfx(a.-aa/fO+*/^xL a ><(''-*/^) = ''aW'r N 

SbLf t ^1 o-L> **rj -4^ jj Oi' jl ‘ L--I ^jj ijj^ 

, J yla oXS' 4 I^J>-lJ J I - —(J^ 4 jl b J Ojb -Lb 


jJCa ££ua pJaw b fj9u b 4J jJ uJu 4 J>fa jO JLw ijby* 1 ♦-f-V 
4 ( ^1?L*-j1 o'VLsa! t o'VLtfJl JL* j\ j^oj 4 o^*Jb ^Lw 

JbL ^^L-l J^—<^1.i>l.— .»i»* jj ; Ia o .v-'iT jj jl ^ j Ia 4 Ia oj.L‘iT 4 U ojj. y *i 

dJbj-^ - vl^J Obj^>“ jl 4 (Jt> jl_^ r ^ t J^ jjb 

J—JiS* j-i . (V — ^\) ,J^—^ i^bx* ci ^ jl y <J^J j\ aa*j ^ aS" Ju^jSLi ji I j L _^i»1 

4»j tjjmyj* ^j-J*j& ^i C—>-L—* j JL_^ jUIj ; JL- vl— p j—/O lJD oj^-L *u jjjj jj aS" 
( ^JaA* Cj-L-«» _j JL— jLLi t JL- —c- iJ Uj f j ■ -LL [A xx ) s _j p, tC, —j y 

• J1 j- i ' S-& J j (^xv)t J Pr Vs'V “S ^ * LJD jl jl Jj t ’J^rr 1, 

jl, j jb jl j_i g j j... jI Jiil jj x C - ^>- j3 j ( fh ) <. C.-il ^jl-^L aS” ( JL- JL fr 

^jLbj jJ i z j y ji jJ? y* <—» i. C—-I X C ji oL^*- *—* <S” L- j I 

•jl-Ll jJ> ji'^L^ * -LjlJJ <s*sj'& i ^ J-p j-L L— *> cr*^" 

; L C—I j>)yF Mx ^jJu 4 X C-p- ja OS'>«- 



U/ 


m 


F Wt =m(C-C t ) 

: ^ -X- c-j>- <Jiji 

F r< = PMA ~ pX A A 



^JlsI jj vX* jjL*^ jl J^** 1 *-£■?. 0^--^ 1$^ «JX*» 


i L c ».«*1 j}j. 4« jjz?* j> ■* j\j F JJjT 

F = F r =w(C, -C T )+ a(^X "F t (Aj T 

jIjljla! <j\—S^L»X) x s" >■ L*t 1 S" j '1^ 4j c 1 -.mi> 0 4j j\j L &^\ 

• ^ j C—»^IsL? -bL lj t j 

F = i”{C,-C,)+pAA m \-p,(A m \ ±mg sin0 <>•-"> 

>T ■■» - 1 | Xj ^_S"\ C. - 1 ' j - i n« j ijy '-^■*1-' X; 0 J- 5 JV" _r^ 4 >- • ■«1 C.i «i i» 

..xT c5> 

^piii jJ tlS~l jj-Xj I j jLjja^ j ^y—« U" 4 ^! J -5 4 “XiLj Ft 

jj-Xj 4 jlS” X; jXXi j J 'j ' 5 '*X^ ^ J (A—Y * (jJj 4 j Cj / 

i j_ r _il t c—L a»- ja . ^—*■!-* (-LiT^ i Siji J a 4 - JJ j') u^" 1^^““ 

o-X—- jXL*j i jjjL-A onXI^ 4 J^* 4 * ^ i^/ - / ‘■ ^ ' O^F J 



jljbL jb jy ji OS y ijl-bl iJoU© -J J_aj 


£YV 


^ i■ — jl-Lt» L j 3j i <£jJ • jlxl jJ jli> 4^ /^©l Js ji< 4© <cJl t J© I -l.-o 4© , JUl 

. v" . ■ Jl ©»Ajj (JU-© ©i/^© <jL^>- ^1^© ^jIj J^ 4S*” ' _J 4©wli© v Jyy 4ia©lj ji ©-Li ls*^ 

jJ 4 -l—i ;i—» 4 _!jJ vl5Lj j JJ^ Jl^- 1 jbj_j>- iS^J~i •—1"—^) j3 4_S* Jjjp jL»Jb 

. ^^y—^i ^5^jbi* jl -bb SF\4K <» i©ji^© Ob— 


1 4 -A Jllo 

jj i^yy j>- O' mm I©* ^jjjj jjI" mm jiai jl ^ j5Li 4© ,_©T © JJr -i ^ 
j o m/s jJ}^ *.\" * kg/m T J\Sy L-. . ij. ^ ,i£©_jb <,> • * mm y \y JJ? 

© J J;; — J-5 jL©j»- 4^" -L-i" ijS’j-* ■ 0 * - ^ V — i) ^© * Jyj 3j\j V* • A'/’ O ^y-—J jLij 

4_^© ^Ij-j f J*^ lSJjt 1 >—t -^jjj 0^,^ b i 1 —>T jbj»- jS"! 1 -Lib i5*l^la.©?' jj-b 

V -LbiS" 4—©b»©* Ij ^Jjl 6 J j—i 


• ■A^" J* j* 4 ^ Ij j I jl £JJ©>- J ) CJl»- lj OJ J—i 4© Jjjj 

4 i kS^JJJ 4 A J A * “JJtr' ^jriJ-3 

A-Art'jf (^.tJt j(^.wX 


(©4„.) v = A =‘/t0^x./\ r =V/A£)X>. r m v 

(A vs ) t =-/r£) 7 lD; =./ranx./.fl T =\/<\f'x^.■ ^ m T 

4-» ( A —T* 4-J^bd) *J jl 5iUl_-| U t |m | OJ J-I.,i 4j Jjjj ^ l ^13 


'■ *J- _J- S - 1 '- J ^JJV» J©l 


Wr =( j4 .»),{pAL =-/"VA0x\...x£) = rvr Ag/j 

4_j <1 jIa 4 , C.^l d*iL ^ i,j*j*r ^ W" 

: iji ojlk -,1 (C T ojj^i jl j^ •-J C-t-j^ j-* y_j Ojy> 



{w},' 

Wh.(a t J, 


r^/r 


^...x./..\x^f• 


= y*/\ m/s 



o'Vi —* - u £ 


iTA 


A -L. i\y (A-Y • ) xJjl** yy t Jjil. klS'l^L.^I jjJb k 

: y_j Oj_^J ^ i Jj- oU^-l {/?, } w j' «->T j >~ jlii 

{aL+-/o{/?c;} w + {p} w gz, = {pX + .^{/?c;} w + {p} w gz. 


z, - z, = */N m 


% 

m ljI l»? j 



uSj jJ Oj^amai ^Ljo jl Y* —A kjlia ! )*-W ^JiICmiTi 


rx\- 3 + -/6x\. r xi’ + \- r gx./^ = {/j t } ri +-/oxv r x(t-/^)’ 

•’. {/>,L = A N >/£> g^Mge 

4^->* l—*i 4 oibUL-**! Jj li jlll* ^Ujlij aS* 4 -L—5^ *9^ y 

■ • Li ■ A *'j a " i -*- b “ «kl*» jj ji k ^ oLvl (a } w j {a } w <> 





jl-bL ijL^ vlj’ijl-L’l J-^aJ 


m 

jl o^Lc—**<1 Lj t f 1 jt tjzjjy j «jj. . J* jj 9 ** L x C.-fr>- ^ L 

! ^olj ^1 4i 0 * —YY) jJjUl* 

F = F, = {m(C, - C, )} M , + {a } w (^ X - {a L (^,,), + {w} M g sin 0 

lS^ ‘-kjA" J^'j' UJ ‘ tr-' {a }„■ ^ {a L *** lSj^ *j 

ojIj j+->_j j\ J jU u ^ ^ -U^l» • / ^ /77 l C~~J 43 L rv C-n^L~* 

W„ = [p t (• /^U ,,X * • A - • /rr(A xs ), X. / \ ) 

•'• {>»}„ = '•• •x(./rrx./.-VAiix./Y--/rrx./..N i \px./N)=-/TO kg 

:. F = rvrx(fl-t./M + \/ x(r xv/A<i — \/n\^x\/^p)+ */to^ sim- 
.-. F = \£)TV/f N j-U J>><; 

*S” 4 {a } (J 5 !"Jj>- ‘ Vli 'I.*.— <0 ulj jFl 

<Jjljt* jl oU; «ulL . > 1 . —I —' t \ tn j>\ji(z, ~ Z T ) l_^j j • ^ •■-~ | I wJ_jLii» 4 Ly* u™ - 

: (*^J lj yJ 

{aL +-/g{a c; }„. + {aL«z, = {a'L +-^{p Cl +{p|»a 

.-. r xnF + ./a x\ / x a t - v r g x-/\ = {a} w + */a x\ - r x r«/\’ 

•’• {a'L ='*va kPa j-j 

Lj 4 0—^1 X 4^* 4 $j ^.. ^ jy^tA }\ <j 1 *1 j J VL-i 4j F Jj Jj>~ ^-Lj 1 j* \£j j** 

: L c-l ^ 0 *-YY) ibU, jl olii-l 

f - f; - Wc, -cj. + (pIA),-)a'},A,), - W.* si"? 

. ^—i ^UjUi jp, j \p } k jl 

.-. F' = r‘l/rx(^)-T./^)+^• , x(r xv/A6-\/Aiix\/ i \> 1 )-./T(5^ sin^- 
.-. F' = NCtT/6 

jL ..I I l L y« — ~ > - jl »jlj_il J_lil jl |_J_)L-lL» \j*J"J 4 -I (i N ) LfJ 

• c-l 



\a/ 


ir* 


Ib 4)^ 3 jkf JLw ijb^> 10-f“A 

aJT ylaj jJ tj ffl ^4^>- j p t ; y»_3jU ^ JL-* J^_b jL^>- 

aJlj>- A-jjIj £&—> 0 • *■■- "^ 0 ^ (^Jj'A-j) aJJ-AlS*" \l£*> jJJ 4 j 

oL_^> il(jb^>- J.jT y . d-—*^ o J-J- j_£fljlJjljC sl.^>- 4-i C-....-< J 

jjbj J. »*- ) CJL^“ J — iL 0 Ji Z* 0 j!j> 0 * ~ ^ A ) A-5^ J J-b j\ oft — 2 jJ-i 4JL-il^ 

■ J' ■*-*) <^l^U ^—*■> Ori^, ^L-Lrr * J ^-^'3 3' J^) sslj^j 

Jj JL— jLiij C~f-J-* ■ ^—-' (4r.J, C Jj ~^ jJ J M iJJJ J * ^ C^* 

ijlxl . C—“I /* T jC T y-j y 4 j I (jiy'j jl £j>- j* J a/, V^V ^ (jiJ'U ^ 

: ji xjjLp ojj a. F VJ|1 . j F Ur <■ y j x j- 1 

^Ur = Mt\ ~ C, COS 0) 

F hiy = w(C, cos S • - (- C v sin 6 ')) = m C, sin 6 * 



i_^j jO ojJJkU” (jiylj i-Sj jjO 4 j (JL-— i_Sj jjli j> lSL^ 

^1 4Jj] 


V-U JSLi 





0*-rr) 

J 3 63 ji 

O-Xl) 


: ^-*- 1 yJ *? Fn J F n K /JU ^ y J x ^^4^ j 3 uSj 1 ^ 6^3ji 

F r,. = P\ (4v \ + (- P, ( A * X cos &) = A i A „ X + (- P, <A X cos #) 

F /-, = (^„ X cos 90 + A k,X sin B = p, (A„ ) T sin 0 

j j^SLs <—» <o JL— jjj a*a> 1 y _j i 0—1 ^ yi ~0 y j x ji Lj —.jf 

: l> ——I t F v 4 -V C-f>- ji JT . -uT ^ J~p z c-f»- jj j-t c~— ^ 

^ =^v =t»(C,-C, COS 0 )+ pXa„\- p,{A j, COS 0 (V-rr) 

: k 4j -^' y}y. F y j^.y c*»- jj 

F = F M) . = mC', sin# + p r (/l JV ) T sin# (X*-Xl) 

! J y*t 0Ojj-^ t Aj 0 * — ) a)^Ia* jl a^Lb—*I Lj -Uj 1 y jj-i 

f=( f : +f :,T 

l j j_i 4_^a^ 0 /L Oj_j i^Laj y-j i -Lib a>»jw? O^i jJ i^yx 3 ^ 

^ UjL 0 i o* l—: Oi_j— £- a ala:— -*<[_ 5# A4E *j -t> jk -* —iL—1?%? jj <5* La jI—j i La a j -- oiiL* 

t P T *—b»w» (_jly_ j'^ 1 j JaU? t J_jO t^j* ^ L ^ ja ^ ' J_)Oi d)U^r 5 ^- j O—L 

lSj‘‘-'LS" la?- j Jjj oj-o . iy -o 4 JL-- ,jL j p s L>*y (• V 

/. ~»iU«.i JjU Udjl ^ -j" l j>- L I^ *0 OiIj lj j 4 ^ 

J 3 y-iJ j 3 vLri 1 ■ J-^ 1 * ‘ :> J- , - ,; 3 j'j /. aiJ^ 


. aa oa! . 


Jlio 

L 10 4 _i jlj l_: 4 jklzv* eOJkL^ 4 w Li y^‘ 3 J 

L. 4_, j . kl—-I Vo /wm r-j^- Ji J X < • Hint ijjj jj «J_yj ^Jai. OiLi jL^ 

^jJ . (x >-X^ j5Li). ij_i ^ f* • kPa j lm/s ^—6} \ t jLoj _) 

j_i Jl L --^7 o-lL ajIj ^,—j tj_aL ilS' L^ la . ^ l JjOj 4-L#l j 3 6^33 ^ a a^ ~ 

? ^ J** lS 1 “Hj'J J 3 3 ? 40-1i jji?- 



OVL- - U/ 


in 


> 

. 0->i T cJU- 1j jl 3 ' 'j \ >333 

'• V x, y}y. (^.„ )r j (^xv), f 1 *** 4 jT j' (?3j>- 3 *• >333 j> 

(A„\ -‘/lanD' — /yd^x*/ 1 / =-/..v\ m’ 

(/*„.), = A' =-/Ytyr x (./-V0) t =-/-'TT m' 

^ t 4-S^ (A—V) 4-taU^ jt o^La: >1 Lj 

: l c-t jAj, {rh} nil J*jj 

W,»/ =(^),{p C ,L =-/“V^xA..xT = Y6A‘ *g/.S 


: ^ u* (jiJ'O -3’ 1 Ji l -3 1 


lr \ - fek - yQ/r - V/Y m/ . 



L oJJLftlf «-& ijU* jl 0^i>^ <5*^i Jj^S’ (**V 1*“^ JLU t V-W 

Jjjojl 4j}J l_£j ji .4>ji f A 4j jlj 



try 


y+ ijlJLif ijjl^ — i^al 


iJiU. 4 j—»u Xly ^ {p, } (J ., jl i yrij*- j'-ij ‘ ijyy. j' 11- 

I vl—-I wl-»j y*& I At (A-Y *) 

{aL +-^{p C }„,/ + {pL g2, = {a L + • ^{p C l L + {pL gz, 

:. rx\. a + -/&x a« • x f T = {p t } M , + -/6x a-. x(y/y) t 

■•• f p, L = ya ^ kPa ^ ^ 

lw*l (,<XjyM 0^<3^1*-* jj iAjLi ^llg* ,jUjUj t djX jU a 5^ -L-ib A^- y 

-•F.*/ J*l>- Ji> jj jl <. jy- (j- -uUil {p T } o/l j {p, } (W * 4 , *£ <■ Jr jLii 

olj J .,1 o (Y • -rr) LbU, jl <olk-,l L. 4 F x JJU x c^r Ji ys 4 3j -, 


'■ y 

F > = W c , - C r cos f £>)},„., + {p„}jAj, - {a Lk,J, cos Td> 

■•LZ—* LffUjUi Cj-a»- jJ {p, } f)// j {p, } (M/ aF * 

.*. F x = Y 6 /r(f - V/Y C 0 S'f£>)+Y- r x(rx./V^-Y/A^X-/'fT cos T£)) = Y T 6 Y/f iV 

: ^ -Uly- y_j JSO -c (Y *-Yt) iJiU. jl F y jju Y _v C~p- jj lSJj^ 

F v = {"CL sin f 6 + {p ? L(^ v ), sin fa 

/. F y =Y 6 /rxv/Y sin T£> + Y/AfxY- 4 x./..’fTsin > A/F jV 

I 0 • — ^Y*) <tabc* Jl b F -UjTjj \Sjj? 

F = (F x + F T ) a = (yym/F +\.\A/f r )' i = YVV?/Y N 

: l c—I ^ $ CjjjT 4 -Lili 0 ijjlj J -5 -Y JJ ** 4 ^ C . ;, —i jl C-f»" y 


6 ’ = tan" 


Y•YA 19 


-= ra/Y 

YffiY 19 

J-Jjj oJJaIS^ (^^jIj cll>" 4T 


LSijjy 


ji lj ^jj'lj 4_T t C-*jLL. jl Xl> lj ^ylj _>j j>l jl i J-ili *»ry Xly ^ 

jJ IJ 4-i^i 4 ^IpAlS* 1 a . < ; ; ,^2?^ jl 4 4 . ~ ,Aj Ij J 4 XjL^. j £>**A 

^5jlJpSi (jl j-i 4 jl_J JaiL«»» Jil—^ IpXl. j^ ^yC t Xjb ^ <Sj J»n 

Lj jjlj jl jU jy Jl>- jJ JL-. ]a^*y aF • _ _ ^ Aj JL- 4 I-.IJA j J 



C^L--U/ 


iri 

> ■ 1. ■ OO ^ J^” lj 4 C~*J *>-JJ ^ll 4 C-jIj jJflJ 

4 ^->-jj>- jL- 1 * j—S"!. <sjr> °j^ ^^0 ^ JL- ^yrj>*- j <J*jjj ^Lajlli <T 4 ^jjT 

C-->-l—»* v * Li Jjlj tl^o 0L«-* \j j» I^ 4i j£* ^A \^yJ*. diliLh-l L 

Q; J-"** *—' 0-A1aL_S^ ^|I j. X5" ^-w Jjijjli p-Ti J» JL_- <^j j J C—f- I 4 J-i»li C-_ilj 

. jb JUJ I j J ^ ibU* jl^j *T Jli* 

1—1* Jli* 

1 . J^L ^jA O^J*’ }\j ji JLJ) oJJJfclS^ ^ jjlj «*J^ j)& 1 l J* 

.*jJm j 1/Y kg/m r JlJU- jV' m/s c-p^j lUfcPa jlk. jLLi L ^ylj ^ 

. 1/Y W Ufj 1/Y w iLfcl * <^1jb 4 (^yjjJlJ jl J?*) J vl~*o 'b/t 

•A 777 Ja_AJ L$-j L*1 4 w—^1 oL-^J 4 fj *.P ( j Jl C~*0 O^k <3*“* 

l " 1 -La *_i j -L_»i aJ_.ii *■ -<*' jjI j L_J O \!j 4j *T Jjjb L-fclj o^ oJ> . l ” - --^ 

^ jb I j ^JbU y JL_- llS^j jL 3 j l j* L>. 0 1— Y« jSLi) JlsS“ ^a 

L » : ..»l j jl jjb ^ j\j iSjj^ 4 ^^ J* Lfi-^ 1 ^-7 J* klS^l^U.^l olyl j 4 

. (^Ikt 1 ♦ A A/^i^7 1 j j>- jLli) V C__^l 4 L> di i l 

J> 

,^T Y cJU- lj jl ^J>- J ' ^Jl»- b oi^’j ^ >■)->■) 

*-> (^.v.v), 3 (4i.v )> u-tjb 0?M 3 jljsr ‘ >\i is*;* {^** 

: *i ^y}y. ‘-rr : > 

(A„ ), = N/Y X N/Y = N/tT m 

{A xs ) t = n/y x./p = ./vy m r 

<!»'-;>?- C—-J ^jS^l—jj 4J.1U* jl I L> {wj mi . 1 ^* 

i (A—Y*) 4 i j** ijA***** 

W*r = <A ), {p C - >* = VYT x \/Y x T • = rf/p 5 



ire 


jlit jUj*- j* j>- ijlxl iliUj -|»>-> 


IcJU 



i_Sj jj o-jO V (jj.jjlj t-£» jL« jl lyb jO jo* ^glji JjliS pA9» ! V-V JJLi 

,3*11 oli JJy 


--Jl i>J Lil_—' l_l jl 




IcJ 


-w a «L . *1 


: .ji'^^ °/ 


fc.L = 


M, 


c/rr _ 


rr/? 


■ = f • m / i’ 


{/>LCO r >/Tx./VT 

-Hy u-* ‘j^r^ oiyi 11 {p, } a 

I Jjbj (A—Y *) 4 j j* 


uts^j j' £J>- J j J L 


(aL+-^{ pc;L = (a L +*^{pc;L 

.-. ^/^rx^ . a + ./d>x\/Txr- r = {p T } oir +-/ax\/rxT. T 

•'• (aL =uvr kPa ^ 



oVU-L./ 


t x>j!m xL c SFME 

{p,L = WT-N-A = T 

{p r L, = > \ >/r -\ -a = r/r kPa 

j -i ^y 6 jj^> jjl 0 *-XD sjliL-1 L F x i x c^> jj ^15" \£$jj 

F X = {m(c, -c; cosv)L + {aL(^ -{PrL(^) T coss. 

.-. F r = rf/f XT. + -/-Tx\. a x\/u = fT6Y 'A' 

v —' jj—** 0 *-tt) iJjU* jl L> i jJ .«j t _y >■ _p 

: jjJ. ^y »db 

^ = {« C L sin v + {p, } o . r {A xs ) r sin <\ • 

.-. F = rf/f xt■ + ./.rrx\. a x./vT = rvf-- A 

! / i*1 4 j"^jS" 0 * — \ V) 4 J jl Ij F -LJ Iy 

A = (f, r + Fy Y = (f-T6T r + rvf- T )' /£> = vffA A 

" ^ '■- |M ' y}y F j ■* y Jjlj l$J j? 4 4iib a y, ^ 

VTfA , .. 

F =-= vtv A 

\ • 

j *jjj j-ri ®-'- j J Jb-* o^yyr ' j-ij ‘ ^jy -A*' jy- jy <■ lS^ ®jlJJl U 1 

(_$!_* »j-> i JL»- jjl L;. £—-I «J_i ^y>j-* < V"^ 4 J.X- 4 *j 1 ^Jj*- 

3W * jj- 4 CAyr ‘-^i • •■*■ * ■■■* lS Jiy^ ^ ■ *i jl j l» l$L» j j* U^*i j 

l.—: pI ol j_JI j kiTjl jLIj s^jI ji -y^ ^ rimM y ^ I oUJl J *s Ojl—>-1 -LiL 

• J j-- ,_y JiUi* 


l-ll JBi 

■\< kg/s ^ I;) 0 • mm ^k* 1; ^ j j A • > ♦ kg / m r L w<T 

>■!■» ... i O Ij u I (jLi 45" ^y’ * ..,<ai 4 J 4j Ju<ajl , J jl J (jli jljb 1/ uj^<s» 4 j 

jl . c, \ ^ 1 /cPfl i_»<T u^w jLij t (JU;! jl ^J-j) JU^jl jjl ■ * ■- * VIj . >Ai5" ^y ^_....a7 



trv 


jljjl j» C-f J*■ ijljJl iJjU» J~*» 


*—>-j} to a^jI j L aS" Vo fnm jiat <j i aI^J jj jL* jl jt jg~ jl T * kg /s t jLaJl 

J j3 l * Ag /s J XLj jLi^p- t Jjta jlj-i ■ 1 T ~ <1 

J^-i) xL t jjIj jlyi *■-■■ f* ~ aj '-■■ « J a»-jj f* 4 j j\j ji aS" ^ • • xnttx jiai 

jL*l ► L jmfi ^lj |jLXl 1 J J ilS’\£^a~0\ klM f I a£" I j» Ll 0 * — Y 1 

*> C—il jjl>- J*« Jlib a& ^ 


>■ j Y cJl »-1 lj Vo ffiffi Li t aJ^J jl ./»- J ^ cJla- lj JLajl aj , j^jjj 

. -Laj jly f CJU- 4 lj \«* fflffl 

! jl XJjLp aJ^J <—i jjl 1 i jiah jp ^-L» a ■ 

(^Z.J, =-/^A’ =-/T07lX./\o’ = •/• \A m’ 

(;4 tv ), = -/'(C>nD' = •/'fCTt x ■/♦ V(i T = ./..U tfj’ 

(Av) r =*/V0^A — */T67t x ./\ T ^./..v^ w' 

! ^1 <J L 4j^ jA j} \—J i d-P j** 


{cX = 
i c X = 

{Crl = 


> l 


{plUA 

KL 

\p}«{4»\ 

KL 

MwCOr 


\>*-x-/.\A 

Y ■ 

\...x./..ft 

Y * 


\ ■ • -X./. • V'L 


= r/r 

= t /.o m / 5 

= 0/\ m/j 1 



— U / 


irA 



qjJJS lXi jL* j! ^jbj-> 1*-^ JLlc jV-T1 J5LJj 


jl ^IjlT j— * jLll i^l y -Ul y J yy AtaU^ t ■J^l$via.^l Ol^1 jl lJ> j-rf> b 

j-ilrf ‘ ^5-"' (*^ —-.•- <^-i cS'j—’ ( A ~ Y * ) 9:iU:l - 1 {a } w J {A L (J»-J> lS 1 * ^ 


; L i«I—«l 


{a t + • ^{p C L = (a L + • /4 p c; }„ = {p T }„ + ■ /o{p c; }„ 

.’. \/^x \. 4 +o**xr/r’ ={p,} w +0-XT/0’ = {p r } w +0"X6 /\ t 
•■• (aL =''-bkPa ^ and {p r } w = \. r kPa i _ r ~, 

4*S j~>- jL-ili I j_I c i- a jU." .^1 jjyj a)^U^ ^jlla* jl ; ajj~y JJjU 

. -Li J*\jr- J»i>- O'il.iU* jl Oji ^ oajjit {/?,. j {/? T } w i [p, } w «o 
^Mr '—~^J 9 ~ ojlJJl ^ i, |*j j«_£j I CS f I c~t*r ji I j X C~t»r 


4 0 * — jl Li x ji 



jtxL jb^>- j>- a jlJjl <0 J bu> — ^JO 


F Ux = {/n(C, -C\)l = f-xr/r-r.xf/fi cos fo-f-xa/\ cos r- = -fr/r A r 

<t_S” A_; — ( N • —i ) iJjU* jl oliL-*' Lj l ^ju_ /j, v i X jJ (J jLiJ Si ji 

! b w—'l ji\y — tjfr^ ^^bLa bbjLb* 

f,, = Z(W. .4,), . 

■■■ F i; = (p.L(X„), -{p,},(-4„), cos to-{/>,}, (/)„), coso- 

.'. /j, v = \ •“ x(y/\x ./• U -\/-flx./- .ff cos fo - V-r x./* -v^ cos r •) 

.'. F,, x = <\<wa N 

O-bLi Jl—ljl ^0 X i C—•*! ^Ajl 4 >uLi* Jj JUaJl ^ O I jl 

\ b \ j! b (. t A' JJ . Ju jJm <o^5^ 

F v = F Sh + F rv = -fY/r + <\<wa = <\ sr/Y N 

'■ ^ or* ^ j 1 i>*i ^a/k <• y ^s*- “J 1 Jjl Siji 

F . u < = W C > - C r ), l 

:. F A!y = ?*xr/rcosv-r-xt/a sin T6-(-f*x<y\ sin r-) 


.-. /%„. = u/f yv 


l®jl 4_*Jb — (\ 1 — 0 ) *J*a_i I —1 ( I,. c J-' C-jJ- ^jUu* j*) 


I b ji \ ji - -Ll—kA .•») ^,ibL» 

=£({/>i.-4,.), 

■•• F n = {/) I, (A„ ), am • - |p T }_ (/!,,), sinfo + jp, j. (.4 „), sinr- 
.’. F,, v = -- >/-&xY. i x./. ■ TTsinTi> +\/-r xy .* x./. ■ v\sinr- 
.-. F,, v = v?/y N 

j-tu »_!>_y . > - jJ jj_j jl (, o—tj-**' *■ —> >■«■- os ji JU<ajl «F <jl ji 

■ *J~“ i^f* >r;^ t (^ * — ^ ) <! jl 8 jLc^I L i F v }’ cS i ji ■ *y* ^ 

F v = F Hy + F n = r^/T + vf/v = y>T/ f .V 

: L s^l^l^ (' • — ^ V) <J 4j y b i F i y j*J 

F = (f’ x +Z 7 ,')" =(^r/Y' +>>f/^ T )'° ^y -/t N 



O^L--U/ 


ll> 


■ y 


O jL* *S" i ijlj jlji X >.!•■ — i 0 AjjIj jJ j<i C 


_, \>f/f 

9 = tan - = v/>& 

^\r/r 


-bl_» } J L ^a*' j\ J-^j L* ji j 4 J-J I jj 4 a j\j 

' £ J ^ *^k> j I C--4>- 4^1* l J y~ *J~y 2 J*t Jf' <j lad* 


^U/ ^!<}f>:,..;..i ajjjlf’ 1 *-i 

j }j\j* JL- ^ ^>- C-Jp 4> lj j** t » y& L 

d^-j {Sjj j~* jkj*- J** JUf-l ju , v -i* y* a^La i ..,*I 

^- 1 1^> k£ i, i-LjjIj ^ 1 jyjj ^ O?^^ 4 •£&*>_ e j^ *& y**y* js k 1 (** " jy ~ 

t s^y* < 0jj2 jl JL-» , ~^t Jy? * 3 ^t‘ j^ «JU1 Aj j«j L*l t C—‘I ^ - Jl 

J 4 L5- 4 J-*^ .r^ 4 j-’r *i <Jj*r j 1 J'r 4 ^ J^j 3 r~r* .;■> 

j"*- 1 '—> Ji )*> j\ i^y* i_k^ k; lj L^jT jl_jj ^ 





Likj* j- 3 jf s i»kj> is J>i n*i“ 


J^b jl JLfcl JL*. ja JL-. .Lf j_* 4 wL.** 1 jW ^V—<)fl> aS”" Aj^jS^ j b »J> 

^-> 7 ^ 0-i 1 ■ ^ >' j"^ ^y Jj» yJ*jy jfi C - > * J ‘ ‘ ■ Lil i 

j \ 0 2 b e— «I . lt * 4 ^ jL,JL j 4 ^^0 j 4 JL** 

£* * Iji ( *^ aA * ^ JL** ^ ^1 j ul£*«i ^1 SFEE jl*Lb jL j*? 

. JLij-i 

LSjJi £ jl>- J I jl \j J ijlj 4 £jl J ^jAa^ | » W li^J <» aS* 4 ^L^ ,/ SFEE aJjU* 

• J^— - l5- j tj ^ J <S*jjj iS^ji (J*) j • C-^1 ft-l«T C—-Jj J-a* 

1 4 -U—^ ^J b c « JL —- ljj -sLjL« A — J5^ aS* aj 4 ^j-i jlS* <* T j ^ cJl»- 

! On *»y yj jy^ ^ j (A—0) aJ^Ia* aj JI^j lj Jibe* 


'- The Steady Flow Energy Equation 



O^L- - L./ 


^ P T T 

+ /w + — + */£iC\ + |= lii u r + — + -/AC T + g: r 

k P\ ) \ Pi ) 

jl jl Jl. — JL j*r (I j L) JJ XjL* J^< »w ^ L *£ !». " ■■■■■, — jj SF'KE JjL*_« 

j—LJ k - J jj—’ " * jj 'J j L t i_f* J Jl^ ‘LX—1 _/—*■* ^ 

■ ^ Jl- 1 " 

l _ J >«ia—■- _/-> Jl^- a-S^ ^y'L-ij i Xi oib j i^LjA-ai ji aT AJ_>f JLx 

jIxLj JL^>- J ■ -"■■■■■ ^ ^y* J*-^ X-£ ^— ,^jXa 15"" JX^” jj X5* Xl j> I b XL JL 

t XxS' J—^ aJ_^J lS^- 4 °j ^ — t * i^jj _g aS* t lj S’'1^ 1j . <? I t a3_^J jj JL— 

J ^ j 1 • tjlJjT-' X.Lj b HLw bXjU JL—— ^-+j3^ J> \ . XjX JL— J-S" J>- (^XT b——« 

. jIj L5"” lj bl5*L^,la.<al (_5jj»—i olJlji; L X—L 4i—lj Jj>-j JL— OS" C.4 > L 
X—ll jL>0 aJ^I jl w —JL-— jLX» Jl jJ aS" ; Jj-l J^*L JL— jll* la—Jj— jj 

. bJX-l bl5*l£li-jl jl ^y—L iSjjj o-iuS’ JjijLLi XjI jl j ijX ^ 

i _ J lXb ^rL-Jjil ‘XlT ^ J*f- JL>»- & <■ dJ'lS^L-jl yl 

jl \— 4 ^5" Ji—4iil <1 —» j>*~* *j>- ***y** u)^- - s^.i<^ u)^ - 

^L^JjU- L; C—l J • ->JJ ly 4 Jd j^ J^r - c^jy 51 JJ J*} j' * ^ h~>%A aj JL^ 

^U i ^y 4 ^Jly* J (^y^^ c5j \ ^ * SFKE 

• ^J^* iy* O <* aT c vL* yf! yli> ^jyi ^j J 

E f =(w?w t - mi, -0„) 

A-ZiyS** jl L^yS** a_S^ (, L——C — L ^ ^ lJLj! OjLp ji y^-* L-*^L 

^L^5** j J_J.l y^i-* -^L jT ji-L» i (o) ^jUS - " L-4 ^p j^li yUx* jj jl c j^iL* 

• y 4 I J vif jl yJ*U o JL LL ^Jyl t y^"J ^ 

*I»j jl^ aJjL* ^ jjj| <_£U 

p, */6c; Pt ./6c; e f w„ , v 

Ps,g g p,g g ™g ^lg 

^Lfljjl ^IjL ; siLl o J — * AZ^jj (\ \— \ ) aLIj jJ aS" jjb OLa jjl 

(ivi5*L^sia.^?l jl ^Lijjl LLId j j y—^ ^—4 4^1^ 2yr l1-4^lP 01 Aj y> I^L t C..^l 



i'i Jp: J J i' J j'-4^ o'iy’r -fAij^i J~a* 


i>\j\ ji ,-iU )C-1 


a , */6c; p, 

-+- 1 z =-h 


(J^- - J fl — - ‘JJ «A«4> ft-C^.3 4jljl tjjj ; -SoJw»Li 

; (_y* SFKE ^jl jjLp tJLiL viS'l^la.ol 

p, -/6 c; ^ T 


A,g g 


a. + ^EL +Ji+z ,.El 

A£ g «£ 


(u-t) 


jLS* o ^ 4-J_^ ji <JL—*>■ jL_f^1 jt jO—t— t( ^)—t) Oa>l^ 
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• ijO ^ Ji-U (A—Y * ) 


n-i ju* 
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,_ 0 »£ J ^ tJ* ^ '■—^") (Jjj J - 5 ’T i ~ _} 0 OJU") ^ll O ,—» 


:(U-T)ik.lj 
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. J j*j J-j L ^ ^p ^aju> iLXj 1 l >. L - j . 1 

t 0 WT) i l j_A L->•Liw’ L J f ^U_i ji l JL_« Jl i£j-*i&- 

• Js* 
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<_> ^i5"l—Svia— I 4 „i:..... Jjl L$sj J^ljjl \y JL— yljj ^l jT J jl Jj L L»L tji+tjj 
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Jj_^4 JJly ^ 4 J-S ^ 19yj» C^S-J^ JL 4j lj jLj‘ *£ 4 J!^ j^Li IjjJ 44 :-J 
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4 J—iL jjL—a I JL j*? tS^ 0 ^ A) j l <S 4 O — I ^Sla’j j* 4 l 5 ^ ^ 1 4 JL»- jjl 

i 1 iL »4 ^j. j \ jL jl—L jL _j J— L J. : «» jLiy*- ^1 y ^^4 4 4 jlO> <dajtj 
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l ■* ■* ji ^L-bOjI jj La »J 0I l jj 

. Jj—> J^wL* jl j l jl—U JL- l ~~t 3 r j 3 ^ 4 »U_j— ( j* 

C—«ilj J_laj ji Jbl lj t“ ;»*'j ,jjil */> Jjjl > j-»-~*» 4 3 J. jl£” *} I J Jjlj t ijjl J 3 

. O—*1 ojIjLj! —'—*j <i Ia xJ_jJ jl Is— ji jj <5"* — JLail L$k jj jLL» aS* l 

■ ^jd"H '—■’jj - 9 <jr 3 jf^ "j-J ( C ^ * * _y*) -kk L$ 3 y.J^ j* Oil y, ®j^L- 


1 1-1* JU* 

i^'Y/L jj <£ i l5”jJj «j->o jj lj t\ * * * /eg / w k 4 lSJjj1 ~*^" 

4_!j] . o.—' ij^j j^k ^ ® m w- 1 1 jda—< • j* 4 >—■ •«! o«JUi 4 -^i 

(^1 Li o • Oik _>l 4 * / 1 1 ji^ji ^ lSvlau>' j Y 0 • W J^Jo t Y 1 * ffl/?7 jf la» L 

jy** '*~^*~i * ^ j—*** Lu^«Xa l $j£ jl^/Z &jc5l_i ^1 L* 01 

v—j I ... :> -l l>. (Y Y-YYT) L—»l ^»lj j*- 1 3 jl J aJj) il>- ji 

t 4-1>- Ij W-> 1 ^ ; S^ m0 i\ jL VS^ jj* J 4 

J J ^5 JL^ Y 0 > i_L?U jj JJ O-i'j' i " i —^ cSjki^ L)L*J |»A **jy J 3 t u* )» ; *•■ <«' j 

o (jfl <i_l_j] i _i- T jLrfjl o—11 L — «—ji . -u5" »_ ..^a- Ij jLajt t 

C -».. k i jJ . jLS" 4_i Jjl <P^ 1 ■ 3 ^* ^ Y ■ * ftJW Y * ‘ * /?? J^jL 

_j^» <^1^-; 4 3 j~•* i^s* ij' * 1 ’ * Y * * mm Jtat _j YV* m << (_jl xJ^J JLaJl ^^ 3 

<J_jJ L i 3jj jj_* jir <i <nht ji *£ (_$! <J_j) 4 Oi* k 4 3 j* _>lji ojUi»-l 

<u i 5 Li ^ 0 * tjiJ—^i Q ya y*^ -L—«l * / ’ • A jT ^ lSlk«ol i __j j 0 -1 O^jUl* (_yL »1 
^^l^_ H ljv r .T 0 _- jSr(J _jj.(YY-Yt _i)c_-l «J_Jw_-L 



j — *>* 3 ^ J - *^ 


i AT 


C_^i O L J^_-» jL %*\S LjiJ - L S 4,L ; ^jj* 

0^1^ ll- 1 I 4_l ( Y \ — A) <LjIj ^1 0^l4l**>l L 2^,' <]^j l^vlx^l si i.lfr 4j ^lij jl 


2 ,= 


^{c'l 

ygD 


f x./.\xY£).{C}', 

Ygx./N 


=o/'{c); 





^m 


u. 


jjVh' j’x 'r’l 



J** 1 


jhi (•■mm 


j* <s'y. 4J^J ia> v^j |J>b j! j v^j ji 4^*1 1)-V JLU t 

.Jut ^0 <jt j> 4<Cj^0 Jj 








oV L- - l* £ 


lAi 



|jli j4J9J bj Jct» j( UJ^ 0 jl ‘ Jlia tD-^f 1 

. jji c J ifl > » jI ji) ^j>3^ j_gljj 


“ J ^ -i—J-J (_£' j \J 4 _£" o J—i ^y> J- j) 4 j J*Li t 2 y. jy L y’_/> _ i_S 

• cr 1 J*r ‘ {Cl kl — 0 : ^jr* j3 0 N—^ ) iJjJ»>- j\ b .C—••l 


\ L JUjj\jj 


7 

^ h\i 


<l^& = ./.r f {c): 


SFEE aJjIjc* jl \j-t j t c F 0 ■»> 1 2„a \Zj i ■_■- l^y4 j} j j>- C-jl ■XJ^T' 

(t c_JL>-) 4_J^J y>- j 0 XbJl*-) > I SFKK 


■ fijl* 0 \ — \ \ ) aJoj !j ^JjS" jOi ji b . ©ali^l 

{a}*. = IaL = y~ j 1 ^ 

K\ }ir = {^1 }«■ = 0 ( <^*J ^ *j j*** J* ^ 






J* j* J jlJj'j uti/r iJjj) iliU* -|***jt J~ai 


l AO 


Z, - Z r = >G /M 

{C T } u , = {C’} K , ( XS ^ jyj. 4]^ JjMj j\ if x£ 

■_r* ^ b 4 

(Z,. +Z FM ) = (o/\ + ./.^){C} r w = ©/\r*{C}’ w 

•'• = ° ( V^T '/J ^ 

: (n-n) 4kij jj l 

\6 = ^^ + oAr?{cK l , 

•'• (C}« =' /v 

■ jtJ ^^Aj (A—f) 4^1 j aJjIjm 0 L -bl j» l I 

{m}„ = A xs {pC) MI =-/yb7r x*/V xv-«x\/v = Nr/T kg!sv 


4_j <)jJ Jsj \jJm AS"* 4 y 4 ^4 Aj T jLdjl Jl aIjJ 

u 1 

C.. il . J j—^ ^a>i .L^ ( ) l —j <_£ jl» W* J71 aJ^J Jajl j^* j C ) l ^ ’ ftt 

jl J_J j kL^\ >• * ff?m oT j^ai j \Q' m jT <Jjj0 ^S 1 aJ^J^ <^S\S^\ c —U*4j ^UJjI 

’ JjT C—O Aj ^1 Aj 0 \— A) a13jIj Jl L 4 aJ-i Iw—aj T cJLaM 

z , r/ . >{c> . 

T^Z) Tgx-/> 

^4 ^^A) Ailil^ Aj Aa^^J l 4 Z ^ w>lw.w 1 C-*A# Aj ^Lflj^1 CjI 

,, ! ^'fc-}.,rx. / .'x'..(ct, t/ ., (c1 . l , 

rgD' rg*-A 

Oj j 7 O™ 1 ^ ^ ^-A) 4-iailj Jl ;Z y, J *“jl*iil jJ dS'lSUa-4?1 Oip </ ^Lij^l vl^jl 

: xT ^ c-j 

. T/l-jC"}. rx./..Ax'Y.{C-}’. t „ t|c .,, 

'' T^D" Tgx./^ 


Z' 


TgX./N 



L./ 


iM 


JL^u‘1 aj ijjj j a5_j] Ai ijjj Oip aj iZ w 4 T JLaI jl JJ aJ _jJ ji ^j>r uS^*' 
i {cj^. jLj^- C—-o "s/Ij 0> j~> ji <, (\ \) jl oli^-il L . kl—-I 

'■ V ^y)y. 

(./ a + ./r)|cr,. = ^ 

^ j-tSjJ+> j ^ T JL^jI jl C—Ip A_> t Z^y 

t L ^y*T l£^ 4“^ <• {C } H . 0^;C.--0 jJ 0 N — \ ) A^-^j Ij . 

jvA^./>r}'. = , / ', T{c .|. 

J j£Li T ^La-UI jl i<- Aj t Z; M f jJ ^jUiJt Jj ^yjsr ^l*al 

! L Jj’jjlyi j^r <_S{C }*. C—p< jJ 0 ^ — *0 JjJb«-jl »jljil*wl U tC.-*! 

4 > K 41 = . (M ( C ,|, 

Tg 

°j— : j 1 — ^ V ‘ < r >ZJL>-) i—j L « _. t j I j-Jjl j»~ l-j jj^v* j J j—1 1 ( Ja_-' jl SFEE 

■ j*^jl J 0 Y - Y Y ) <i»jl j Cj*J* J j V 1,5 (^* 

{aL■ ={/>rL = 

{C v } w = {C T } w = o { x.T i>i^*- j-lj ,^*IjT aj Ojiw jj j_jT ^*k- Ijjj) 


z s - z r = \a /« 

{Cj,={C'}» 

(2 f/ + 2p + Z F(W + Z F(W ) = {C}„(r/.M-./-?f) + {C'} u ,(T/-f + •/' • T) 

(Z, + z; +z w +z™)=(m.f‘){c}:twm {c}; 

•’• ^\r = 0 ( J j la: Sr*^ biJ) 

: c-ib pjdj* (n-n) iklj Jj ^j&U- 1; 

=-!—^ + r/\ • f {C}’ w + Y/ur{C'} r w 



J 3 3 J 


LAV 


:. \6 = r/s-?{C}' w + Y/^r{c'} T w (U-^o) 

Ja> j* (1 cJl>-) fj* v^IaJJI j>- ^ t i)j>v j* ^ 1 ^L** ^ SFEE 

* 0 \ — \ ^ 4j o*- y L C 

{aL = UL =j^j^ 

{C* L = {^T L = ° ( -uly- j-li ^>\J\ <J Jj v l ^Ja-i Vfj' ly.j) 

2, - z, = YCi m 

|c,!,.={c}.. 

(Z, + z; + Z„, + Z- m ) = {C}>/.f + ./-ff) + {C-jUr/vv + v\ • t) 

(z,..+z' + z„, +z;„)=(r/v.f){c};,+r/AVT {c-}; 

•■• = ° ( jjU; Jj3rj ^ tyj) 


; j+i ^ (n-U) iU J Ji L 

wv 

\6 = -—— + rw?{c} T w +r/AVY{C"} r )i , 

'g 

:. \a = Y 7 \-?{c}],,+ y/\^Y'{C' , } t m , (u-u) 

ls-i j Ay. (. i T (JLs^jI jl J_j I ^ JLo 

4—iajlj C—**1 c ^—jUJJI ^—>T <iUs»l <j c Jjl j* \—> I J*r 

: (A-r) 


•■• ^{c} w =D”{ct+£)" r {cl 

•■•{c}.-{C'}.+{C-}„ (U-w) 


{C}„ = \/^ m/s 
{C'} M , = \/-y mis 


: l o-l ^ 0\-W) j (\\-W <, (\\-\o) oVjU* 



- L./ 


1AA 


{c 17 },,. = -AT m/s 

{m) w =\b/9 kg/s 
=A/'f kg Is 

=v/r %/a- 

i i ij—^*1/. oJ\jJl . *AjT ^ wiS "y \j 4 v_-> \ ^y 

. -bb W /. eJlJJl Jjl 4P jy» Ob j>- ^y 

n-n jiio 

-►* ^Vb ^ * • AW ^ I ij \ 4^ * * * kg / AW b 4 ^ 1 -Ub l)y**A 

L^W* J* * a -4 ^ \ ^b' 4 ^ 4l*\s & lj* 

i * AW ^ 1 4 j-J Lj (1)J_>w« j-> j ; b jJ ^yrla..* ^ Vb *\ 1 AW i^-> I 

^.j y ^Jb^aJl Aj y^ b (J^>v* j\ >/A &AAA j ^o ■ AW AAA ^laJ Aj <1 ^J . vQ.-O b j j ^Vb 

. -LJ^ p_^ t W » AAA AW j la» ^ aJ_jJ jj *JjJ t jLaJl Jjl U- jT aT‘ 4 ^ 

(J^->^ ^—' T/X AaA7 <Jj1? *j 5 J .5.SJeslJj^ ^jL-* Oj>+* Aj \/t /cm J_yl» lj l jl 
J i -Lj<b ’ / • \ L* 4—Syi 4-*J*i kwjy*tf ^"1 4 (^ \ — ^ 0) 4 •>yi J»y_f4 y j^b 

■ ^yyr tsW^ 1 j 1 • 


Z, 


(\ \—A) 4_lajlj jl ojU : .,..! Lj 2y ( - CiJLtfu^ j\ kd JLp <4; CjI 

= ^{ c 'l = ^x-/^xVAx>. r {C}: = Tf /TV | C |, 

r gD rgx./^6 

{/) t( pJ^Vb b 4 j^>v« ^ JLtfjl jl <J^ 3 y 

; L C-.^i jjljj (^ ^“A) b CJi-P <j ^Uj jl C^l 

, f/rjC"},, T X ./.sxv / n.'.'(Ct nr .( ( .., ! , 

' rgD' vgx-/, 


: U C—I ^ly. 


VgX./N 




j} 0^^ j* O' aJ ^1 juOL^ ^jj j\ <JaU* jL 


<0—ll .’J—«L If) j—j ^jjLj 0 j*** ^ iJl«> 1 _jl Jaj 1 i JlS ji 

\ 01 — ^A) <iulj jl »^Lai~* I L slS"15 k 1?..^ I si—I p <j £LiJ jl 

ygD” ygx-/\ 1 '“ 

( f OJL»-) ^L* jj^» 1 — 1 l" 0 CJL>0 ji i >1 ^iu» Jl \jSFEE 

:0 >-Y) ikjiij ijS* _p L ^ jlS" *j 



jjlj 'j> j ,jiL-o (jj^ko i_£j Jk-b > yVL ijj^ u£j jl wl N-U Jlio t^-16 

fa,}* = {a} w = (jrj&) 

{c L = {C T }„, = 0 ( -^»l>- 0->, L . Ml ^IjT ^ !+;>** j* *J\ II>J) 

z, - z, = \— f. = f • m 
(Z,,+Z') = Tf/fvjC)’.+Tt/tv{C}'. 

=° ( zyrs v* , i 'y~^ 








oVL-- U/ 




■ ^ ^ — ^ ^ jj-* ^ 

f . = Tf/f v{c} M + u/ty{C , } t k , (U-U) 

( T C-Jl>* ) J> ^ j} i ^X** lj t j} U^J \ jdflU- jl SFEE ibU. 

: ^jb (\ WY) ik.lj J&, ji l j <+j_j ^ jir 4 j 

W- = W.. = 

K ' }* = K r }„ - 0 J (ji't >i “S W^‘ J- 5 £_>k- lyj) 

z, - z, = \ • • - f- =■?• m 

(Z, +Z F ") = TY/YV{C}1„ +YY/A6{C*}' ir 

W sr =0 (ijljJ l^j) 

f ■ = U/TvjCX + f Y/A&fC''}’. OWO 

y 4 1 ji *J t4—Iji ji 4 —S*" t *bao u)L»w 

o JL.<a"l jl J—*j 4-1^5 ajL^I <0 l aj JLflJl jl jiAj 

• ^5^ (A—V) w ^lylb l C—*t y OJp*A vl.o ■* 

M„ = K + m\ 

• D'{c}„ = Z) ,T {C'} M . + £'' r {C"} H . 

./^{c},,=./^{cl +./^{c-} y . <n-Y.) 

01 -t. i lj *j y& ^ ^ (^-^i*) j (U-H) j (\\ — ^A) o'i/iU^p* 


-J*i is* 


)C },=./A6 

m/s 

\m s I =\6/- kg Is 


m/s 

jw'L =v/ ^ k 8 f s 

{C'|,-w 

m/s 

{rh"} w = v/o At^/a 


J\ kS' *X-*iL tj^\ *-jj£ <> J*\ i Jli* ^Ijj—O^y? - **■»j^lJL*** 
l j ^\^JLa JLw* vlJj ijT i -bt 0^^>" y Crt\ 0j*+* *b ^>L* jy^-* 

. ^^ l15nj Ojj—^ <* ’—t U^J* (jt- 1 j>~ C^5"*i 



AjJ j 3 3 jtJ^ J jl-^b iL>kj^ iJaU* — ji-Jki^U J-oi 


l£( 4ibf.; i£|a <Ubjj 11 — ^» 

-lS"I jl ^^ilj J-liijI kljl O^' J*. t Ol^L>v* 4 I J <i ^] «JL»wJ ^La J J 

0J— bl S* A l —-» > - ^bLf" J_|Ijj Jl ( ^y*iU J t I^>w* A$w^ L a! j} A^w Ji 

»w| jl~0 J* <^S* jLd Oj y*2 A j aS*^ 4 <_£l AjIIj 4»jL y jJXj jl U i^.^l C-Jl>- ji . -LiL 

*-LjI 0 J-Sj AlLjj jj fa** aS^ l$J I Jl ^/ <olol*-l 4 J^Iaj jl C~i' A—«^l>v* ^ y 

4 -i—ijb j* lj L* aJ^jJ :; ?r^jjjl aS^ 4 1$-. ~~*±y* ^I^JLUmJ a.LIa Ojjb jljLi 

lSL J J ^ -*j ~ •*- 4 ^ jl**l 4 4—. —'LL* t_£l l>l j 4^U^J j) 0 J I Li JjI^j 

• '^ ,1 jb J -)>* u**- J Wf*-" y 


^jJ Uy J dl jflT.il m l jO iSjJjlf" I 1-1 1 

4*..» —j> Aj O ,«.«!.,> *lS\J j\ & 4 JL*, <T -i-i 4 4 I-*' j 4 ^_£j ^' f i - ■'? 4 J J 

j-4_ij jL^bl jj-iTl i -L»:> ^ rj y^y. **" ‘ -kk tj* jk>^ *^i j- 5 

jL»w 1 (i—T>>- j_j' jj *-S" b j pr^" e j |J - ; ' b O^J £/- i 11 

<i^-i tjjj^-i [>■»«< - • « •» *l^-i l-i t ijij'b ^ 4 ->'y iS^*iji J 

4 L»j^J j-jl jl (^jUoL^) ^I jl_j-ip ^ Jl-« vi J ^* j 3 ^ 1 b J 

jl^—J ^ lj ^L^ (J^*^ 4 OjLp aj 4 ^--iS^ Jjl 4 -AiiI ^ JU:! 

jl ji jl>wl ^ji>jkj* <^*JjJb d^j 






jjjLi ^ j'. ■■ii'^ a_i jLJ t ^L^iy? > * ji i U £ j j\2f Jlsil jjJ 

C-LLi ^ WJji L 0 J^Lj 1 si5*j^ 4 0^1 ^-*--L.« 4 W . L " - -^ <«i^~*Lo^4yj 

jJ ^Jk J Jjb J jjl ^$L-4 ^ OVU- U £ A*JUfl^ . J-XL ^^4 4 ^ 1 jlS^ 

j-» jL*/ {j~*y *—! 1 cJl»- <jT JL** <5" 4 1 j ^ L^fT JUil j <lajl j 

«Jl. tM <J5^ ^ k I j J^ ijtflii 4^1 ^-*Lj SjAjt <J_j1 • X l S " 

^JJ j^LJ L-*l 4 J. ^-4 j\j jJjL—4 4 •A-lS" ^^-4 C_M»J pJL-**~** jJ 1J 

jl-LJb j ijJ- Jj-L7 U4j .AiljJ ^ aS* vl^-1 iSj^ jLii* «-LU£" j<i>i.»4 jJ 

^ji C^ugL>- sJl... o^>-^4 <_T ob-fc aj^P . ^J-J jlS^ 4 j I j jT jl^7 ^ 

Li 1 j 4 J_jLjT 4 JL-* L—l 4 -Lb <ob jLbJ Jjl <j^bl Jj{ 4<JL** 



oVL-- L./ 


*->-j^- j->. ■ *j uLj ‘ ^ jj- 0 <y) ^ o'jj u* U ^r*^i 2 J*S f J j j>1* 

jl (jjjI-LaJ <. (Jjl j _jjL i -UJL*> . 3j-+* ( J-j jL-^" 4 —; I j •**-i ♦j Ji ^lw ^ '■!■' ~ ; i 

A*w Aj L) (JL-—- 4^^" ( j —A Jj). AjjIj jaA J ^y^y ^ jV 4 f J -3 Aj-3 »AA OLj Jaj I^A 

ijl jZj AjLj <1 tjljLJj*- Aj Li t OjLp 4j c AJiT I j dj ^ v r^' 

Ojj—^ o 4^ t A—•*! iSjyy* ^ fJ- 3 Ajj'j ^ ■ AJby^j aJU- al \j JL-- 

o) o J—^ o Jaj ^L*y jl ^a 3L>- jLA* 0 1 J A—-1 ©aA ■ ^ ■■- < A^j 

oJ—^ 4 j AAJ y JUiil ^1 j* ijA^i> jl; 0 aS* yA fy* j • ^y** j 4 (i* ™ - ■ j- ,w 

1 j ( ^T .....* o) o JLA o jju jLT ^Uj <£ J lJS* j-* oL»i t y*j n< 2 *%j . A!iT i jyy Aj 

AA>- ^_A . Aj Li oAA 4j Aaj ^L • £ j\ . 2y+j ^Jj AJ jjpTj j 3 *" *° lj \y 4 _y*-’ 

»!_ - ^ lI^*j ^S*' A^jj^ ^ A—^ ijLilil jj ^ >< ^' 

^j^ 0 jjL_> ji ^ a ^1 Jl_^ o^yS' ^t_j^ L*1 1 j-* j_.y li^LiiS' L j ^iL.^ 

1 —pA MI..^ A^ —C L« 4 j ^L^>*j jlT AJ j\ ^\a aS' L ijlAj 2jp-j 2 jA y 

Lj l L* jS" A^j j2 L *£ cJLiljl jl aS* v A^ l y\ ji i jlS" iJliXit ^jj I jl , ^^-*« 


1 y 


^1_oJ 4_S^ t aAL Iaj^LL* ^jL>ot jj j 4 ^jA *Jy * 4 ^ ^ 

c AA>^ ^ Lj ^yA-A aLL* ^^IAaj l AlS** jl_j ^L */ (_gji lj OliUjI ^1 jji 

i/?\ jt oiljA—-l L j j jjLi j_A ^ L-* >Li^ Li oLw^ Jk y> I. aj^A *jLJi Ii^Jj AjL aS' 

. AJjA ^ t A—-1 0 A*T A—-i 4 j AlftjS' ^1^1 .,at ji aS*" <_£^IaJ 


a£j-oL> a^o y p3^ oyii ^aUo 1 r -1 

J 3 J 3 A Aij ijUtAifj 

:JLa. eS'^r-. * V s " V ->J^* ‘ (J 7 j'v 9 " J 1 jf <JJ y 1 uf* b ^J^V 

f j-> o>t-i t j_>. ^. j^r ^ jLT j_- >^jT jL- 1* I- -i jj >>i^i 

j j-ij* lIJX_/ O t >1.. .ul ^ya>»...« (\ X- \ jl 0^-* < JJ^ ^ j 

■ J ^-' lj 4 ijrJs*- j& < Ji-V ^sr** J 1 - 1 -^ 0^ jJ & 1 ^—'*' AV 




Wo 



j jJS L fO JtJy a.\ ,h <u jJu <^U/ jl lj < jaJl> jtr (jjlxij/ jjj jji <_SL> IT —1 JS^*» 

. jlIT gJ J uX-jjLj j jjijJ fjo jjyli jj^Jb lj U/ jl Job 


^/L*/ jJ 4 (£ —V— \ ) ^L>»j <• J5" ^S** aijb tiflj jl ajljj»l L 

c_.^U-) L—-I a - X(W\. yt j^:_^ jl ^>-jj>- jlS' L ^1^ t ^/rjj*- ^bJ -Li* ^4 

4 s^jbj jl-LL* ^1 4 4i-^l ,j*“j_?>- jlS" jj»- J 1 vJL*"1 jlC-*'!>U- jjL 

C—-I Qdipn °*i 4 ^ L—*3 *j |_jU _^\j y\y 4 J_j-i «Lb ^ (-Sjyl J ( J-i 4, ! ,-.-* 

l— *’' y)y. 7 JS' ‘ jj Oi 1 y • ^ Jij>-I jl ijij- 4_iii ji •£ 4 


7 = 



:b 

OYJ) 


‘ i^iir j-Ia* 4 jLT -Uy <j\y I J ^1 i+j*- ujl* £ jyy 4l^_ Ji ^L- 

jfc_fc»- Lj j —il^j /*• jLS" 4 li^-iLji^* j Jjl jjJUi o *-*ry L* • JLi?" ^j-* J^LS" 










m 


C—l> bl 4 


+ Qrc, £ 


!»-_/*- jJ j' jl O-Li <0^S” £ J 


X~ Slipp 

n = — 


Q. 


= \ + 


re) 


'IT 

.’JUL 


t supp 


Aj o-LS* <ob ^£bj5" 

OX-T) 


jl ( 0 -L-i £->:>) e-b. a^^S” ^ 4 o-LX ^Uil l ^bjlCv-^U J-t 

■5^-J \ * * /. jl 4 jl» ^jjJjjb .£jl»* ^^ jl b^S" I^JIJ 4 ^y* 

■» > 4 jy y ^ d -U£* o-^b (jjb J) ^b-> aS* -US' Ob b^j*stf»v* 4 <piSw*bo^* jj Oj^^l 4 . 

u-* ^ L r ; -*' t 4 - i _^' Cr-i 1 4 -)J oi 1 i l a >i £*•> -L V ^ j' -J Ji-V* tJ'rij*’ *i J - il y 

- -Lit» ^ 1 4 /. jl -Ul> Ljrfb/ jjj^a jfii ojjli aS" 4 ^ y* 

(S\-** J* 5 V-* - £f* ^ * 4 l5 V^ bo j- 5 {j? £r* i' ^ j? l 0i' S. 

^b>wl 4 —j aS* c u^-Liu ^bJ j^r * 4 ^jy* aj ol_jJ ^y lj ^.-Ub Ob ^j~» L 

4—> j^Lj 4^* 4 ^j-34 Ij iC *** 4 ^ •b'b b-<jU ^bi b / jljJb Jh 

A_i k—-j y 4-j jlj-< \j If* I t (J-»^ jJ . -ij^L 1 jp» yi t -LiL OjU j j Li £ jljJLi y» i—ijj>- 
jl^j ^_S"I. CJ>J> J& J* Ja\^ d\ij*r ^ L?' j ^ jy* ^ jjk aj'^T J- 

Oib ^Lp4 ^ y <Ci O 1 jl U J ob Aj La ^S*" vl^^*b ^ ^ 4 ^?^ 4 -Li»L 

4 J—^ ^j-p* ^J b J ^ ,, 4 o J> .I lf i.IjLj'jJ ^Ip* 4j C>—) <_£ y ^ j L^b^ l» jl Jj L oJ-X 

'l£—i ^-j -UL 4 J-Mj Aljlib <s^>y^ ji5" uib^S" jjJ^ a aS^ ^1 4 ^jjl^b .Ji y* 4 — 

jl pJ bi jbp Aj . -US' bfl 1 «^> ^bb J ji ^yM j ^/ ^a 

^Ij—j 4 , (\ V-T b—-I ^j*y 4 -US' -UJy l 5^“^vb" <j^b- jlS' -Ulji» jyy 

b ^L-O J£ui* -^b Ij^j 4 -US' jlS' u^b^ ^ 1 -pL* VpI^j L I 4 J aS' ^-■ ) j>*+a j y y 

. -US' I j b^S" jl aS' 4 Jj*l AlJilj i 4^5 jJ 



w 


Ji j^#Li — jjljj 



Lo l3*^Jc>I aj jlo ^>jj> ,jJL> <xJ^j ^I^j OC j ^Y — Y ^^a*# 


JiU/y-H )r -'" r 

Oj«^—• 4-S - " C-a^L* ^4ibi>. ^ kl—*1 c jJL (Jj«j ^O 

4_j ^ --^ lL^-j jl !j L-^jS^ i-Gi^ii d5u o^L |».i>^i.<^ <i la-•*■-* jl (£j^ 

K-^- 1—^ j j* j* 0 ^*Li jl (Clausius) ^ jULi j^a ^ 

j-L-Jj £jj j C— a\ o^L ^L>*j1 j <Jjl oLu>w *£ & (*U <» j l C~—'\ ojJm 

C- *a\ ^^*+A jS' H^Li ^jA ^j^>S’ 4^ WjLjI L . jJLw>1 aU-i* oJ—*C «J-i l *£ J <J\j£>l £j*^jA 

%li»L_ a) J S*t t * - -*j ^ i) l ^Jkp <-S^ -L-jS' jj 1 -UjI . ^U—» Lj ij (j t >,_!< >1^,^ jl^j l 


la ^ jl lj^ (V^* jl L> Q tS^*_r> t A al!xl*-o . 0 Y-V 

o ij ^ LijS^ jIjlJL* qL^ -L#l» ol£i**o t (Jjl <j ^iIj j\ . jjlJJ 

l —*1 t ^ 1 — 1 -* (jL-%^ lj ^ jl—-UL> ; H ol 5 xl^o ; ^ >\a^ j y ja u 5 ^j . J-*^ Jlal >1 
^ LijS^ jl-iii jLa Jbt t a 5 " ^j>Lj i^W^l vLnlLv« C^> 





oVL-- u 


i\\ 

UjLj B £ JJ-J JA 4—> 6 J — * ^>1—* J^ >*_/ Jjl 0JjL» jl JJ | J^J l jl £ i y .-^ £»J 

• J^fe + H') 



-ljLo w-r jsli 


5 dl^L-*0 ^1? jl L>^ j^ ^ jiJ ^ ■ «0 O^Iaj <J^" J- 5 -3 j~* ^ ' J* 

L J - * * J* ^ J* jl ( !■*^ST) O^J |*-fc J ^ *JjIj JU^I O' 4* 

,j-j| jl (i * ^-S"* (j—• 01 jl Ij Q iS^j^ A ol£i*o a 5*" t -uf ^Jaw* Ij U^5T 4®|£i*o 

! L <L~»\ y\jt ^La jl ®Jt»T C—*0 4j >■ ^5" Jj 

(^+e)-e=^ 

(_^l j_i 4 fj^rj j*~ j^" i Ajl-b' j!5* Jlijl <4* <_$jL ^ ^. * .....i,« aS” l>- oT Jl Ul 

4 J&>.* «-> ‘ ^-'! B jA** j 1 CS^Jr*" £»'j ‘ ^J 1 - 5 ./ 

J-i-V l _r^'- J " is^rjs* '*-! b 0^" ■*—*1; b' J b o^-*" <£-*£ ^ »-*-- j> 





3 yj f-> J — J-** 


j1.> -XjLj i. im- < . 4 kiX-*Lj J jA J ^ J J ijjj^LJ <JLj ^1 4^ 4 XS 

■ 3 3^" <j* Mi Ojjl* J' iuki 3 ■A-'k ^;' —» jl <S*333 

£r~“ ‘-^—i jlI J ^—‘^’ 1 a 3 ■* (j* 4i l J j^" ^ jlS" <S" ^yUj _p 7^* 

1-f-r v _ r i-»« jj 4 ->jZ oLa) -U*lj ^ v * 1 , 11 ’-» 4>r^- ui' • -**■» J^' 

^j — >X^j- 4 _j_^» l_) o I j (l—A) J\i») C---I ^ ■ • /. jl j'~’~~ j I jL -(-i**« 

4-. — »< jLj ^j—* J J td'-' 0 T—T) <t_kjj 4 a>-IL (jljJ l j< lj l. 1L» < _jjt . m«li ^ 

$3* <j^''—* J_i» 4 LJ i'-*^ 33^ 3*3 * - J - i k JJ-'J* ^ <j~^*j>. J i'-i <ji'“*V^ 

. -UiL N * */. jl ydT ^1 jta Jo\j 0 Y—1 J^d) 

A«f l -L J* lJ d£y«Li ZjA J Oyb-J jl <Ljl_J J U / ^tAJ d$L 

j—i- <sj£ f (r-r-r) , -iaj u^s* y ij Cm i jT y 

j j-j -L jl£«l 4 dfl^k^l Ol y I cJ> <j t y JL y .yby*- ^,/* ^ 

o j-ii C—if ^ O^j** Oj*i ij ^^ ^ r»*■*■ * ^ * C—&-L1 yi 

j \ jLj d^-j jl L ol^j ^ 1 j Ul 4 i*lp 

jli—i* JjL 4 -Lib C-+tSJ» djT jM jT ^1 y . Jib jlai 5Jj a U £ Jlijl ^ 4 i jS' 

^L* J? jlJ—i* Lj All * 4 ^ l" Jl—*- 4j Y cjl>- jl Jjf’ ^ s *— * 9 4 jL-« aS** ^L* _^f 

jl 0 jj J_i jldi* b J ( J-dll« ( Y cjl^ 4j ^ eJU- jl j ( ^ r ^g) jL-« jl ftJj y* 

<jL»l j J ^ ■■« vi^L^j jl L*yS^ (J lijl l>1 4 Jib Aj ^ klJl^ jl JjJ* f j *- ** } (Jb^* 1 

- 1 ®-" J-^Jy o-i' ‘l /‘3r~y£ J-J* ■ *3-^ >y J o-k j'l t£j£o ^ 

jLT JLijl jl_»ul L 4 y^lL (_jUj jj 4j 4^** k J y*“ £~* -AJ^ l j < 

• *j$ ^33 -» ‘ A 'jl* 


ji Jj Co ^ T^ jyj* 4iSj a^jl> 1T-I-V' 

J-i^i i—^-J Ty jl aT 4 d-i5 "y <*-y? j y\ OiT^ XjJ y jX 

jl JjLj JL_^ jj 4l.,t.f y jyy 4 d^J . d—*1 J* J 1 °drfl d-J b»- ^bld, 4 -bl 

^Lj»uI 4 oU—d ota 4 ^b-«la 4 y^ J y A>-y~ 4i^i !>-> 



OVL. - b/ 


0 * * 


iSjy-’y* . . ^ O^J ‘ J! sjliu»l L bl iJcS" 

jyjy '^—‘. jl y-?. iS ^_>b J -biS" jbT - ^ -l»i* -Liljii *S" t iy* <Ca^L» 

b> i)\yj Jj-* Ij J—*4- 4 (_^-?* .J-ili i x£^y _>IS” jj jLfc» ( j*j tS" C 0 . 1 $*^ 

. v l ■ ■ *! ^£<**~* yt- O 1 ^bul * J* ^-*j!j j jb ijLlj i vl ■ ■ *! >uutf dJUw* I ^jjl jy0J 



^jUj/ you IT-? J&i 


■ *- " -*' 1 J-^~* 1 bl ~£j iji^ J* £ '-‘O^iji jyy}*^ ->■»:> o^b* (w-o) JSLs. 

jl_T _j C— I (2 a J-i #jb ijljb .C-J ^_.bU C-i5* y jyy / <_£l* £ jy y 

aJ - * ^ 15 ± y y Jjl .1? j -t < ■A. „ t l jj lj ^-J>- 

jL^ j-J JhJ •‘^—-I j-t\ ^ .r-i ^ ‘ ^ ui jyy • ^—■' (£? _ ^) y'vi 

‘ I jyy j' j~*£ ( j AJ j'-: lS | j |j ‘ W • lt* 'j ^ ^iy~ ij^^" 

— ’•j^yy Jjl j_yibJ Jl. J—-'Ll <c_-ib Jl—J (j ; + Q ) j— j»j S ji —Jbj ,_jL *£ -bL; 

. iyj J^l y~ £* J Ij {Q + Q' ~ W~) ,_;U £ 

Lf’.'-*^" V-^T i ^ 'j ^^us. J y£*» lj ^ 

'j-ij ‘ a~£*j>. ,j-“ I Jyy • ■bJb) XjjTjj C-iS "y 





fji - p *»jljj 


e. \ 


£_j» *S ijj^p <j i ^ R cJijjj j& y\s I jl ij>rjj*~ tC—I C-lS"^ 

4 Jj— £-~* J' • ^ ur - ^ '—’‘ ®^—'■* y j£-i t£j^ 

<j\—*£ i jjj j C^-l Q + Q' ~W ~{Q ~W)= Q’ j^\j, t ojj~j *-■ 4-al JlJil 

all x"—.i *j c ^ OjL_^ *-j i C—*1 ^ ^ ^ ^ t Jt *ciL Jtiiil JJ 

l j«i I 0^*^ 4 O*—-I a-L^i £l* *0 ^^pb« ii£j jl 2 cWlII 4j i f 

. -Lit 6-Li O^li <jT Aj ^jlS^ <*A 



U-A j5Li 





OVL-- u/ 


e>T 



i—uu 3 ^ jjli CuaJ^j jy ya k-So W-? ,J£-i 


jj^_j<_S* -~■ * S ouj -oL j ■*! 0—'J f J* 5 jl Js-^ 3 

^-1^- |t-J* .C«**1 (^jL-» ; -Li» 0^ A* j£ 0\^Jfc i OY— 1) ji ji^i, '*-•'‘"‘^ 

.J—•J’ oJ>jlr b 4 ^j ^^1* 4 ^A L?^ 4 ^ ^ *5"* Jjb 

J-i 1 'yJ ‘ ^i„k J ^yjuc«-‘ : Vc'V “°. J y* J r/ lS^ y u^* •■*-& Oi' ) J ~^ LJ* 

JjLi ^_ji>- |»—• t j— y jj C-^i-5" jj jjjj* ,J<*Ip JU*4 i_jU j tL»-^> . £. — -L$J l iiS" _yJL» <j»-j L^j 

jy-'y ‘^'-i j- 5 (j- 1 ^ * y.'y^ ‘ J y £r-* ‘ T’nint J £r-* J a ^wwto y.’y 

: C-iji yj ^jy» \ jIjj ^ tj T} r y_-L C-tS' y ^l* 

Hr =0{ T ^, T s„, lrl <) <^-?> 

‘ b C—wl J] jy j> 4 U^lS*" OjL 4 0 Y—Y ) <dajlj J| oIai»*1 L 







o-r 


T) = \ + - 


“IV 


jj-j y . joS" [ j-» iJL»^I (^ Y —T) ji sJ_i iwjLjol £>tJ lS^ j — 1 <• j j_^li 

. Jjj^j jJa» ji (\ T—V) ji lj j 5 _j /4 A 
jl_T j Q, upp 5 j_i *jb ^l—«A ^Ijb /15 j—rij c— k Sj., jjhV 

ol*A lS'j' 3 5 yA y tjAA JJ'V • C -' 1 £?re; a ' Li J WAH 

*-£ 4 ^inl L? 1 —° J 3 <_yA ^T 4 *i Qi nt £ 3 jW B jlT L W o-C sob 

JJH^* • ^—"I ‘ AB Jj jj C-iS" j-> jl V £r* J f A £r* t?^ 3 0* ^ lj'A -> 3 

i^ljb j i >-L»-1j B '1 ■ ui^*A oj' j* Sj-jy a-oi ^L *£ i A ^,5" 

V~* ^ -^-S ji*H O-iS 'y jyy j 1 b j'—*J ^-*' 1 wA' 3 "' J^" 


: ~UO ^ (U-r) _j 0 Y — X ) «Uj » jyy J*6\y 


rc .l )AH jJ'l' T ^ 

TZ T ~ Y\ l sink ■ 1 source ) 

V*^ U P1’ J AH 
Vt^upp } H 

^’■‘■i) A -Mr T ) 

fen,), 

J-. i*H JjnV j-* j'j-i o'—A y.ili- <jL >' 3 QrejjQmt <-Q SU p P ^ ^ jT jl 



femk , ^w,«ftr ) _ ^femk > ^inl X^int > ^trwte ) 


01'^ 1L 



- U/ 


o<i 



yJO C+mS ji ^lej/ Jjjjx <U*i 1Y-V (JXji 


Jj _'-! >—■ 1 <J“tb ‘b Oib^ ‘ '^-“ l T’voKrtL- J 'T-mk j l '+-' ^b vy c -'—" 

^__iI j >.r ■ »* l ji 7^ jjU i ^a ij 4^1 j 1 4 ^ ^yij • Ju5*l# 4j jS' 

Lj jjSZja <S") 4-j ^ j-£ ^;' < o.. — i 4 j ^Ij & i c.-.«“i jj-L o^-*i j 

j^j'^4 j-a (jlj-; t JibjLj ‘ J _>-- ( “t-lS" ,_*--• J-»^ y_jj C-lf ^ X/fy 

ijj ^j\^j ji . -’* J ^ a>w ^ (^L^o j*5 4 — 4 ^j-L jj 

: jlS' 4 j Ij y J iJailj ‘j'y ^r* 



OY-t) 


I ^1^) l ^j*£j s_ju^Aj 0Y“l) 4^1 j jj a5^ 4 £jli 





0>0 




1 sin k 


Qr, _ 

O T 

miimi x source 


j\S f C —-^U Oy\-i j ^ jb jly C-»^U jJ? 

. ^JJ&l y y* 0“^* AUj jlS*" Aj ^lo ^-LjL* ajljjl LgJj 1 yj l C-i w-—*l*>* ^*jIj ^jj 1 . ‘i** - 

■ ^jy* Oi 1 \ j>M y. y*/ jyy ^ ^y °-b>^ 


n,- = 


T -T 

.source sin k 


T 


(NT-o) 


xLt jlS Jy J ^ £y *i£j & 4 y_ 1 C-iT^ y. L.^" ^jyy> f 

JjLj j i C..—*1 oJLJ- jLJLi (AT — 0) 4_1 ijIj j* a-£" j$* jL-*-A tJLJ-L jL^i ajjL t_£l 

A—?* 4 C-..iJ «-Li O^U-i. aJjLl) jlj^P L 4 jijlf ^ Aj d.3jL o.i jb 

• ■’W^, ‘ <^i <J*y b y*b >.-H ^ **■>?- ^ ‘ jl; yb' cSb* 

ajLjjJ 0 I aL-.*J A-j jl j_j A_J" l -U5^ 1j ^*ULa a^ j\j ^jj 1 

(i —^o) a_£* aJjS* jlaJb 4 4 Jli* t^y - $jyy* 

^ * ■ AT (jL^) jl iyrjj 3 ^ L i/ra iiy j^*r ^ 1 -1 

a-L*i J *• <^-1— jT U /jp— aS** c—1 aJ" 4 Xiij 

o 

oijLi , . ■«' /. "l^/V i yjc£ o^jL-j b Ji .«^\j(^ smk ) ^ Ja—>m a * i oJjJl^^ 

Jjll ^ji jj- Aj _j 4 JjT Aj OjJj* O L. ^1; Jj l kl■■*! /.I * I JjA>- J y^S- 

.lJI■ .kl j i J I o-bl j\jJm ^£'\J&- Li 

j-*r *-> S*-£ *j y.\ y ii5L <j\y jj IT o^jl c—I 

‘ ^jLT cop hr y^y 4 j^- oa_.i; ojji» _> ^y 41 ^.^ 41 4 r yj 


: Lc-I 


ji'ji 


Carnot COP hp = 


T 


T -T 

source sin k 

jLS"* — ^ * C j V* C ^Lfclo jj .—j 4 aJj^J ^y_Lay?* iy—^JU-- 

• Jji - s y* b y)y.C O ^hp y^ o^-^b ^ 4-1^ y 



oV L-< — U £ 


r-j lS i -* Lo v*" > " Ji ‘ji-H y j}* A ->jy <S S f. ^ ,3 3^ '~ tJ .y 3 1 

UjL j t ^jpjL—• ^Lo jX j\ ji'ij vl— 1£"jj f jg\A^' jy ja j* a^jL aT J^Ln^l L 4 j j+* j ^jS' 

f-* • J >r—' J fj-S" ^-r 4 ^ aT 4 J-il C-JSy jl >uT 

(J i'-* 7 ^ jyy '■^-j aJ '-; J ' 1 yA 1 * y jS*£ jyy ^i. a -»3^ aT L»- uT jl t jj~ 
J £—* y ^muro! 3' ‘ j-i^i ^^y jyy J j j'r- l 5^> J <■ '■^—-l y.-H 

• '- 1 — 11 ‘ £r* y T m» k 3* yy. 

Uo jli*> fcjUit iry-£ 

jA ^i—Ato ol>> Jaiu ( ^ ^ (y —1) j^ 


ta 4_S"* 4 j j A-j ^Lmi 4 d^Jl j% . «*_>*.) ^A |JW I J 0«A^> JPUU 4* ^ 

f L*%j ^lyi <i5*^ (to <J LL~*w) ^L*lo j-i 0jLL-*1 i 

. \JL>**\ ^j£ j 2 jaa ^IaLo <. ^j-L C—IS* jj >/ 
<L—^jlj 0 jlar_.wl Ijj—a <JL»* Ij jy y* C.j><>U Aj j 5 jli l&lo <> la.AJ j^ojL 

^ 1 ^ ^ Oi 1 ^ ‘ ^.-H y. ->yy* 3' j >.'^^ <■ c —J 

'Si**! jA ji e^U 4j Cwj^lla* ^-UL* 

• Lf* (**13 b Jll»» lS'^'S <& J 

J-A iS t j'y y ^.}» <i I b y^i yy£y tJ^jyy* 3 1 *^i 

jLT vi5L tib^ j_h>* y* ( y , jy-A> o-i' .>■») jis” c lJ Lj jyj* ^ ia-y ‘^'y* jy>* 
jl—SC L Ajyy i fj-S” ^-y* yn L.^> .y-'yl j - ti —1 w ^j*rjy~ 

. 5y 

^0^^—• jT Li L*1 ‘rXL--j 4 tJ jJk« jJUfi ^L* J ^0,4 4 

j ^-*- 5 * ^j - 3 jyu iyi» 1 1 j ^* 7 ^ 3' jy j* tji y*~^ ■• 3 y* tj** c-jl#’ 7 ti£-«Lj y 

ja_ti yUa* j jua t 'jAjkj l -LtL yi*^ j' 7 ~~f 1 <- 5 ^* ,s C —<1 y** jT <1 jtl Ul 

. vL^lj by* i^ 1 ^ *Xiy 


*xiaj jLij ij o-Li jA* J^ii y* 1 ^* -j 


J'y* jy y 


Ja .at jlU. jtU0 l j\y\h L J-1L 



y f JA jy\i — |*AAjljA J™aj 


o.v 

lo ^Ui* ^Li» i_y-*i jlX *y*r 3 ^--LT j> u’S*£ yy <—*»-Li 0 ^»l Jla*- j* 

a j —i ■*•* 4 YVY*/\^ ,_J (^1 ^ladi <«* ^L*a L Li c-l y 

Li ,_$jL£” ^-Lj) a^O> <£j£ sjl-Lil ^jjLaa _)Lj —ij ^-Lj Ja^u j> i NTP ja * iT jLw _j 

oo . j_*a jL-L ( * h - 0 K i_j*>L ^-1 L) V • /l Ij a o_«T c —»a <; L»!>L>-I <, ( oli 
(Celsius) ^ j. . — • I— < ^Lji* 1 —i j»*A j_fls 4 j 4 LyjJ i ,oUn ^LiL <_£lo t ^^_a 

3 J—?. 33^ “V 1 L—I £*'j J*' J L—U-H-* 1 ef* 

. ■—-1 o a*- 3 —u 1 j^< j l L 4 aL J_£_L \ ^ 0 £ J U ^a **S* Ia d j I -U ^ j 


iJL»i c«*tfl> IY-1-0 

<^_}L—.1 jLj» I j ^..U a < C. -at 4 JL—a t * ...^bi- A yj jaIa jLL y 

4 elSL —-a L>w jL»j ’. J-j ^jS* (_gjl ,. , .,*li jL jjjl. a £ <y3y 1 aJL*li 4^ J .-..L,- 


IjlLL j j-j Jj C 




r ,/ 1 • C — 1 y^ V y'y ^ 


dO 


\ T Arc 


1 jJU t ju5* a>- 


. -Lili jj-L \j c>w.^ jj L j -Oli ^ ^ 

ya^L* ^L*A ja i^SL jA d_T 1j ^LajS' J^^JA 

jL»a) C ■-! jjL Q..t .^*y l Jyj* J ji3 j vl..L S *jj R jyy . X>_jS^i Ja> jA 4 xS ^ 

jyjy ®AjU jl j 4 T]) rr L.. L5 *y jyj* 1 ( L...*! »JL- »a!a jLij ) Y—A ja 

> r ... I - J-I x:ly ^-* -k-4J Jiiu C-iS*^ jyy aA jL 4 ‘L—*! 7;- ji^, L-LS'^ 

j_j O'j-j ij—• Ij jjLj C.-L 'T y jyy «AjIj ^j i 0 Y-Y aJaO j ^y* 1 LL a-LO ^aja j o-Li- baIa 

. AlA ^l»j 4(^ Y-0) <Iljl j 4 A y* j ^^ ^La > ...■■. > - 




7/,r ^ 7/- 


£?m W + ^wwft-L’ ^Ink 


a 


a® ^ ^sint 


a 


«ipp 


mpp source 

Qrci Qsupp 

— H-< o 

r t 

sink .vfJMrcc 


.-. ZiQ!T)< o 



OVL-- U/ 


6 -A 


l(dQ/r) cu <o OY--V) 

J j-xU X-Xf^ ^L-jf jj-jj* <£ ^ —'I ^L*j ‘ X_i 

*■£ J ' 3 o'-— oIjj (j-* }j j-J jl '-fj* j-i-* j->)j>, £(dQ / T ) cw . j\aJL> 





JjU Cwl^^j 3 jj ju 


1T-A J5Li 


i j _S ^ ^jj <t (*»->*-) ‘ J* j* 0 y.-H *+j*r 1 o>^l 

t j »C?" jt^\ jj jd*' *^-*i^ j* 4 ^ oJl*- 4 j ^ j! JL- 4^ 

\ C-JLj>- jl J L— .X j£s J ^ j- 3 3 lt* y. Y x-K»- ^ 1 ^ ^.1 x-xf^ j^j>- jjX Xj I ji 

xjj T ji ^■ -i— > w» j vl.. .^1 djS” 1^ i } j- X XX5"*O^X X* I Y xJl^- <r 

ji ,_»(j_S" \S3J j-i o'j- <_j-* Ij '-**xTy . ijY XJL>- 4;i Z y_ Jj C . .3.? y o\*_j*r 
. jl J . (\ Y-^ ) ( J5\X XjU i B C—«ola«- J i A c...<alj- t C—^3l>- 

: ^.jlj AZ _/>, c-iT^ ^ 






fj* OyU— J«a» 


e-^ 


Z(dQIT)„,„ =-HdQIT),+-L(dQITl 
HdQIT\ Krz = Z(dQ!T\ + Z(dQIT\ 
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j—» a ,.Ip ^1 y & j—^ A>» kjl^J 4 i-bb^^u T • * * rev / min Ij jj^a j$*\ , <i ...^ 1 * /T / /M. t y 

; -b jj i C—*o aj Ij <JL^ ^^iCu.^i 

w^- :V« TfP 

4 T 0 • iflffl jia# Aj jti A>%JL0 jljj <_£J-S"' djl-Ul <£\j' 4 ^^^Jjj-bA ^1 *j^LjO 1 T*“ f^ * 

rev / min jjj L axuL^ . .>jj jlS^ aj 4 c - ^l o_jS* jlji *wjT jl y lJjJj-Ij ^ 

jl *£ 4 b — .*1 F y)y 4 ^fcla^ U»-1j y 4*%JU0 ^Jj y JjJ J d>-^ T * * * 

I -b I A^ y^j a3jI*«« 

F = £JSxC 

j-?\ . c~*\ £y* J^A y Jij J ^—>- ^ 4 z 7 J ^ r 4 'T—*- ^ 4 ^ ^-r* 4 C 

. -b JJ ^ C —a J Aj tj 'i/L AJfljl j jJ (^C) C—ili jI-LL* 4 ^ A vJ Jb^- jljj 

v l yr :V/0V 

jLf ^ * kJ j ■>j—t j-* la ■«■;■■* j L li L 4 j^^i —-j jJJL*> jj ^L--' 1 T*“T*“ 1 

. Ifl ^ ^ ■» > ■>- 0» ; »■» > Ij J d— a\ T/0 fviPd y\y t . •US** ^a -bJ y 5 j*~ 

. ‘•biS* 1 -Lj IJ JL-* ^J^j J 

v i^:\/rrxV" r m r 4 o/rrx\ *” r w r 



jLJli a—) * / • * y TYt j ^ 4 * kPct jUlj jl 4 o^ y** * ^ jJuL- ^^JL-» 1 r _ r~f 
1j jLS" JLJLI w^->- j ajlJJl t XS»L PV — C^jIj iaIajI j JL—t • JL*j [ ^a ^ * 1 kPd 

• Aj ; <JL«j 

^.I^I+UY/Y / 

C^jU ^jjL-O ji l ^1 M...1 i»-UJL£>- L jli Aj jLhU Jl i t lS'\^y\ }j-y* 1T^—T*—T* 

a-L> I w -*.0 Aj f/t OA kJ / Ajg" /w c L>j*« I ajj j (jiJI (^ 5 ^ jJadJ 0 • C ° 

? 0-^1 j-u>- L^S” JLijI j ojljjlt J**L * /• ^ ^ ^^^p»- ^5"i.'" 

^\ J9r :-yr/\ kJ 

CJj Oj ^ * ^ jXJ L -* ( jxL*1 j* <• C-a*-L* <Sjy J* ^ t C——'I a*U* \ Y—Y—i 

Aj L j»X^ C..t £ y O^ijPT Oj'k j * ^ JL— J jis*” ^tS ji j 

: J* 4 yj 

. J-5" -ui^j GO &/ ^^ ^ wjIj jLli J?L*»Jl « Y cJl>- <i ^ <*lJl>- _ \ 

C—jU ^->*»- ^ ^ L jUL* J Jjl '. IT C.Jl»- aj Y cJU- . Y 

tJS jlii ^ • • jlii : i cJU a, r cJU.r 

W^L* ^->0- aJj! C.Jl>- Aj j\JL# ^wljil t ^ Cjl^- Aj 1 C_Jl>- _ 1 

lj j-jJ ^jlj— 4 t ■5^' A-j jA a^ A ^ m J ^ J*)ji C ^“J 3 ? 

• ■'iJJ I ^ 

' il_j»-: • /TV* m jJ.-L—^ aXl- ■ 'jjlsr (* J f* >_ — 

^yr’.WMKkPa X oJU-y\ cJUjl JL-jlli-O 

-r 1 '^ : kW jyy <j>r.Jj*- o'^' - ^ 

XJj f ji lj Jl- -p -iJw ji * / • Vo *£ . x>-L- t »x£* 1 f-f-0 

Si j ^ ‘ J-^r* f s?^-* '&i J* >y^ ‘^i ^ ‘ ^ 0^_>r Jj-V 

a JJO 

a-j JL—^ aj -jj a«S^ ^ -L-o Tji wjU Ljf* O^jjil * ^ cJl>- aj \ cJl>-- \ 

.juL ^Jj*1 tllthkJ/kg K 



JiU* 


or \ 


OjC l to ji JJu^‘ ! Y* cJU- *o Y cJl>- ^ Y 
a^j a£* <_£*Uj I j* ^P iC-jC i^lo j3 «/V kj oXi £33 (jjl* J 3 ’ £ CJU- <o T C,Jl»- -Y* 

• j* ^1 ji) t ^ji^ljil Y ^ ^ C-Jl>- jl aS"* Ob-* ^ <JL^ 

. C—>li ^T 4 ^ C-Jl^ *j C^S"y j3 lo jj ^j^wijil *\ cJU- 4j £ cJl>-- £ 

o 4 ij jL—« <_$l—-o j i -L-iL 0£/£ kJ j' 4 juiii^/i 

:x jjT c~o 

^yr' £0Y/* K° cYAV* K° 

ijT j3 ^S' 4 C-—-1 0-1 — <>-L** 4 ^L-JLS^jp—I J C-Jj ^ jXJL-» JjZj* vi£j> ^ r-f-l 

:x5" ^Jp c J^L5" «>-^>- j- 5 Tij ^jy* ^ 0 y M ^ t ^ ok>r Jj-^ j <<<-K~* 

o-L-i ^ 1 C—*ti ^Uj 4 T* * K jjlo j3 JL-* y ' Y cJU^ aj \ cJU- . ^ 

. c— Wo kJ ^ 

. JL ■>y A*\0 fC ^Lo <i b A/A kJ ji-li* aj L*/ ij,aj jil * Y* vT-Jl^ aj Y Y 

<—■...■ —■> C-Jl>- j~*j ! j Y cJl^ <j ^ <j;lo ; t cJU- aj YY C-Jl>- - Y" 

. ^ jJt YA/V kJ jl-UL* aj 

■«/^» cJl^ ^ ^ 4 C-jIj ^ cp " ^ j^ kJ £33 \ ) cJl^- Arf £ _ £ 

* a***U*« I j jjl xiL * / ♦ * 0 /eg JU# ^j j*- ^S"l 

• Y cJl>- a» ^ j\ J^** i^x^J 1 <JL** *jiJ ufiJ^ ^ ™ ^flj( 

^i yr : - UTkJ/kgK 


. ij j ^ t"cJU- <y T CJU- Jl JL-* *£ ^jj'U j i jlS^ JLij’l S jljJt j _ O 


! 0 A*/ 


•Jjj ^ i CJU- <y t cJU- jl JL- <T ^Lj t JL- «jjj p \ jj ^,-A?« £ 
^1 j>-: + 1 /r kJ/kg K 

■ ^ ij* \J° 'j **" ft ‘-^i <J'V* cT* i 4 u^^ 3 ” JLaiil — tS 

^Ijst-; +U/X AJ 



O^L- - L./" 


eTY 

Jb—vi£j jl * / * Y ^ j ■sl.^1 ©-L ai>-L . ^ L S*'^ j C-jj Oj^—^ jJ-iL*> j_^>11* — T—Y 

-i—^^ J^-^" '*-• “* *» 1 O^j-*- 1 jJ^bS*" L?^^r—! JV - • if* 0 I J- 3 

& - 

:: oe ^ils^ 

j\_mj 4_> Y A * A , <jjLo J ^ * &P^ jbL» jl c L-jLj ^Lo j* J»L»»jI ! Y cJL>- 4—> ) cJl^ 

■ if* <^*-*15"* WV kj ikg A jl-bb <j o^j ifi»Jj^ ^ if** 1 * 4 <. Y/£ A 4Pq 

j j_^^ Y •»* A *—> Lo Lj i LjL j 1 ».* ) VV/o kJ ijjt *£ * Y oJ^ <j Y LJl^ _Y 

• ^* / * T* /w 

^L>jS*' a_^ ^Lj 4 -L_>T aJjI jLi*i b t LjIS ;jjb^ j-3 J*LJI i £ lJL- <j Y 1 LJb-„ T* 

. »*b r ^- r - 4 j Y \i/T kJ ijijjj 

Ja-» i <j j YY kJ i£*j jj jIS" *5* ^bj Ij jL£j b^S*' ! \ oJL <j £ - £ 

. **£j> ^ cJU *Jji 

! • - LJ.iT Ij yj jj! 

. ijj ^ Y C-Jb- Aj \ cj^ Ji JL- ^ J 4 b/ JULl C^>-J jl-bb — ^gd)f 

V lj^ : -rA/r kJ 

. ^ J j Y* cjl^ 4 j Y S^-J b- jl JL 4^ ^yjbj 4 J Lflil J jl-i-b _ 

v l: +YY kJ 

. £ cjb- 4 j Y* wJl>- jl JL- 45^ 4 JL*j ^ ~ C 

^1^ Aft'VkJ /kg K° 

jS? J> \ cjl^ 4 j £ LJL^ jl ‘Jb -- c^*^*'* ^ Jb** 1 

: */VY rn 

L* JU. ~ J J^ ^j» ^ H J* if*ji ^ LJL 4j £ j\ JL- 4$* ^jbj 4 b £ jLfll»t a jI^UImA^ 

. sL—l YY*V kJ 4*^ 

v l^: -WY/o kJ 



JJL^> -(*«>!- J-ai 


oxr 

jjXj J—i l4-5"* C->-lw* v , " ..,»0 j J , m . ^ *ji J Xjj tJ j»— ^ j T jXL-« ■)? J* ^ f-f-A 

: XT ^ jls yj Cjjj~ o Ij y_X c-if y jljy>- 

. ^jta Y*\ * kJ / Ag ^ jL* 45 "* ^ c-jU ^ i y ■ ^ <* ^ xJU*_ ^ 

. C-jU (’ j !' > " kJ / kg j 1 xL» 4 j UjS* | XJl>- ^ T xJl»- - Y 

45”" i ^ cJU- (|»4K»-)yly JL-* i*^!**" ^5” Oi^ ^ i '*-*i^ (j j j y> I j j J?L—<1 1 1 cJl»- <i 1" cJl»- -1" 

. jyi t x5” ^ jjj A)o kJ I kg 

(jL*_,5” 4*5” “i—JcJL»- 4 _i * 1 , m5 ”^_i t iXjU p ->■,.»- jj i jlii ji JJLal ' \ CJl>- 4j l CJl>- - t 

■ ■*£ ^ -^y tiT * kJ / kg ^frjy>- 
.xS” Ij **-j>- JL-- 45 ” ‘ JL*“ J' f £' £-f y. c5 ^£ JlSsil— t—oil 

^jj- : ooo kJ/ kg 

.x5” l j<i ^15” I j 4 s*- y** Jl~* 45 ” Sxk c JL-» jl ^ / yLS” y ^ysJls*- jl5” JUfcll •" 

^Ij*- :ooo kJ/kg 

jjjj-ls 4_J L *■ “ ■ *5 sXi 4^-1*-* t j—t j XJ j £y jl t jXL, jy jA 1 f-f- ^ 

tS'j-; xJIj j-5 <-J ja T' t Ij ^_i j j-j x , : „ ^ ^jj'L^ ^ XjT y JL-- jl. ■ / • • 0 A& 

: Li* J° 1 “^-rT Jr*^-' 

. Y/Y kJ 4 sJL-jC jj j \ Y s,lJij>- <j \ cJU-. ^ 

JL—- oJ^j j ^ >§>• Lj 4(0 MPCl jl ^>1 j^) C^jL> j\ »L> j2 1 -LLw-Jl; IT cJL^- 4 -j Y cJL>- _ Y 
.xiL LS *\' kJ ifijjj ^ £ ** jU tJbL ^wlyl '/\\om r I kg 

4 \ cJl^ JI ^- > »- > - Ij 4 sJLjU ^ ^ <1 r cJl^ - V* 

. C—-11/^ fc/ iS*JjJ ^ 

. *J^l cJl^ aj sJL. 1$ "j s«1-jIj !»- > *■ > - t jLli jj ^ cJ\>* aj £ cJl^" _£ 

4-j 4 T* iJlJL^- O Y ^lJL>- jl JU- ^ ^yl—*j 4 1 j jl-S"* jLbi C■ ^ ojIjJ^h 

* •^iJj ^ w— 


^:-VUg 




- U/ 


a *va kW' . -Li i li.-o aj i ij jyy* j y- o'y ™ 

l -LJ^b 0 i\kJ j-j>} y t -Lli" 1 j ^15" ^ 4 ^5**l _ £ 

- -L jj I il.-*o A> l .i.i^fT yi ^ CJU- Aj 1 LbJl>- jl *£ ^yl*j <Jlijl C—$>- J a jl-Ll 

+£/i kJ 

<JL~- O 1 j J aS^ i L-.»*l e-Ui *0-1^ 4 i ^LZS'y j LbJj £^ji jl ^j ^ ,«.-. ^ j-LJL~* jy y* L^Xj ^ * 

• ***"j*t j* y j ^ ^k_yr Oj-l } y*H y -l^i ji jW 1 ? - 

o j_^j j ^—_^>- j ^ * • kP q j\ M.i jl C-jLJ ^—ij yij I j j JL-- p-S"* ly i T cJL>- a_i \ cJL>-J 
4 PV' ,f = C-jU 4J jjUi jl 4_s" ^JUjT y ^ t * / * AO m r I kg ajij a, 4*/A0 w r //eg 


y^j\y <JL—-* ^ ~^-*- >u_S^ j! I.J 4 C—jL-» jLJLi j j L*^S" oj j-il * F C-Jl_>- A-j Y C-Jl—^ -Y 

‘ ‘/Yr m r /£g 

^ * * kPCl A-J_jl jLJLl A-j A-S*' ^j—> I L_* 4 C—ib Jr 1 I JL— 1 £ LbJl>- A> V LbJl>- - ^ 

. -Li" ll^wJ 4 PV sn = C_jli 4 jjJli jl aT ^XJy .^i? t 

LI.^ »- j o jl-LJl 4 ^ CJl>- Jail jJm <> i»l.-«l* 5 "y 4 C—iU j\JL> jJ \a JP ‘ ^ C_Jl>- a? 1 C-Jl>-- 1 

, -L-i^ wjL->- -Ui I y jb jJ JL-- jl ^^ 

^\yr: +rYvr kJ/kg 4 -ni fcy/Ag' 4 -A\A/Vfc//^ L+\tokJ/kg 

gt\^, j JlS' ^y» jl5" al^JLil^jl 4 Ail-*j jl-^ - L?^^ 7 -^I y* ^ i“ I 

: X J ^ J ^ ^ j'y: j 

Y£« A/^ = yy jlj 

*/oo fti ~ j^y j^* 

\* rev Is = jy^c^s* 
0^« kPci — JL-- j-iiL-w jLJL# la .m jZ Ij 
\ 0 cm = j-LJl*- yla» 
Y- CW= ^-jjT 

5x '* i ' = 



J*'—* 


OT 0 

U"'kJ/kg = jiUjf 

: J-5" <--U— lj jjjj- J a S"Kla~<’l Otji t >V ‘ jy>* 

^>\yr -a kW k A/r kW t */v>tfF t rv/vy 

JLp J cAjJ 1 jj jjT C, — o *_• iS^j—t t *L*j^" i5^*! 

j c—i jLt-» jj j' u* 1 i-s* *j+* 

la ■*-■« jl <?" t, 0-^1 oJLl J»l>-I t i_jT j»L« j- ia^jj 4iajb>u ^_»1 jjal . C-^l »-Li y^ j j....—’TI jl 

. ^-il» jjjlf- 

jlJ—**J1 |^-^p jl o«Li o^ljT jS”’ j 4 0 $j ^jijT 1<»j>- *JL**j ^ j 

ji >1 oj —j j (j;U jS^I. *Xai ^ja ^wi jil t i/X C 4 j t * /A C ^lo jl t lj *_-> 1 ^ * kg j\ijl* 

o lj oJL pj L« £ ^ Li \AX /el/ / /eg A. ij I l a .»*j vi^Li j\Jli 

* -^iJJ I C—O 

^1^ xrWAkJ/kg 

V' 1 ♦ revi min •* ajUj j-uJL** jl^>- viS^ ^TjiS^ *■» »■" 1 Y* — £ _ 1* 

‘ j ^* jUL» I j j Lo 

>r/t z^r = ^riSk^i ji^“ 

■/O /w = ^*llo j^h JL S* jjL 

• tA • cc / min — j~a* 

i-->> Ulkg = jjUjf ^jjl 

•/A jjUSU- 

j_jI jj i tj J—S" o-^J'—; j jj-»_?• lj— tjlj-* ‘ >*y" ‘j | j- J " - 

.juT oU< (r* * • rev/min ) 

^yr-.TMtkW uttnkW H\l 

) \^- 9 ?)j*~ J* j*f O^jii jL»> ti_j-i #jIj j lSjj^ Jyy* -l a i^ v r-* J ■ < »■ "■ 

( JJ- JCJL»- j ; ■ «> (^l^j $ 6 * • • !5tS* . XS jJ j iSjr^ (^jyl ll Ul i C~S-y* jl»* Ll 



OVL. - U/ 


OH 


<Jl*~* j3 C—pl_*“ 0 * * * JJ—IJA £ 1 , C...^i oJJm 4 JL- 0 i J 3 J>- y» 

* vJi^-5 ^ ■ / * V $ / kWh ^^ vi***-^-* Ol ^_s j 3 4 j^ 

s^i yr : YoTVYcc/min 

j ^ 3 ji3 l *£ A ^f'f' 7 <j jlj 4 4 ci^- 4 1T*—•£“£ 

J £—r* .r-* J 3 ' r/0 ^ 3 -> l3 ->Lr-* jUa^l—. j-iyJ 4_LL» ^j 4-_f t ^ L-. ^ . r * 

4 —^ j* 4_£* l>- 01 jl. 3^J* l t -li5~ jIS** JL* jj ;TH i$\y ^ <w-i < jj C-pL* 0/0 

^L«J O^j-5^ 4—»L>- «w>-L-^ | t ^ —;-* 3^S*'jL-S* ^jl»- t v ^-—-1 • /\ Y$ / kWh ^iy 

* 3j^ j I i_£l>- <# yiJ j\ ^£1 II k3^-i ^ djj £ p * *.• /£ 4>wj J* 3 *y* 

isl5s —>3 . aj 5" • jlT wj^j l aS** tS M* * j_£jlJ5** <jL« j~* <j jj* l \S^j* OjI^>- ^*i. _\ 

C. —. ftj <UJJ j> _j V * /. 01 oJjl—^ ia — L _»\ i XxS" . a J-3 y tj jL—> 3 • lS^”* j* A kW vl.^jij 

• si—I •/•■\ $/*07f 

iJ*.JT ^—4 ^LS*" ■ i?jL5" L. *£” 4 $ j** 4-L»ja l» \£^j* " * -T 

*«»1? jLS^ ^tj 1 ^ -? c-U5^ J ^y A 4 / o^jU Li la.a> lj ^LJ ^jy* A kW l iJLSsjo 

.s^l •/•t$/AW% 

3 yj Lj 4_S^ • / N Y $ / kWh y y O J^ j $ Yo * * ji j^** 4^U L t -Y" 

V-i-r^ V-^ ; 3 J>-* \S^/ AW aJy «, l. xS ^ jlS" 

. o-i (r* •■/ 03 ji i jju*)r ^JjiT 

^1_4/ A iff 17 t $ ^ JJh l t 4jL-i j_^U/ aj~>~* cl^^j .1 

4JJ j> _j •XjS' ^-4 jLS" ^w--^ j3 pi—- V la at t JxS' 4 J_i\ • • /. «3 jl j3 1j jUi *jy* 

4. fl Jg ^3 y* ^ |-»" jl Jj Lj k ^J-3 C-pU- J3 j3 .v!p*--1 • / ' A %j kWh 3^ 

. 3^V-4\I c o3 Ia " *«^I Cj J-*’ j3 1 / ^ Y %jkWJ'l <!j jjk l k _^j j 

j3 y ^l-A o-LJl^ ^ ^5*' l <—j H 4 jj J j ^;..„ r .^ yh ^l* ^r* 1 63 L*i sL^XS' y l)L*j— 

■ “ J ‘V ‘ 

v^lj^ -.nil JL *M0 JL- iT /-0 jL-f/VY JU 



oxv- 




Lj J*. ^ lj <J_jJ 4 -Uf jy^ (Jb 0 C^wLa 4 C-»l j~J U j! Jjo 4i\>- t,_>-U? ^5^l« uJ 

jXa>- c -US' *&j*0 ^a 4d^jL ja jlXl 

:$a>vy 4 $rvn/t t $n-oA 4 $ rooo/x 

dSw 4 ^.w.,.,1? jLf r *> L dS^O d^ ! 1 L J* b^jl J*~ ^d£^ ^ “0 

jLT 0 ♦ ■ W L> jySy d$w la m*y i <_—» j . d — *»} jjjL ilJ 0 J ^ ^j 

4_)^1 j J—^ 1 Jj j~a* U \ ktV j jA >. C . n ^l *\* L y-kJ ^ jj\ JlSiil o^JL j x5* 

. xla^ jXa I j 4 jJ ^U^jI 

l^L •jS' 4 -US' ^ C-jw Jjl j^Li j\ <s£y> ^>Jj>- p~r- ^ ui} u*j* *i- 

V C—^ 1 jJjU- d5sj j j J «w>T <r <i»L JlSiil 

^ :o/YA^ 

jLJti jJ j Xl Y* °C <|0*°C ^Lo ji d&J JaMj jJ ^T ^1-0 

^j-L^i^—* jl aX?* 4 j^jpr 1 ^j 9 ? {ji* 4 x*L £r/X kj / Aj* £ j xi£> jzf* b~ilj 

S C—l j-li>- 

^\j >-: */*"VA Ag/$ 

d_*J j xS" jir JL* jj d-pL*V'0* • j jiil,Y*/ ^jyl JUiil oijlj ^jb dSL j ^1— £ 

. Xd5* lj dSsj J 4 jVL*> Jjir Adi i XdLi « /« f$/ klVJl ^ iu j» j^"" 

^>1 ! $ Ml' Jbji 

Jx^* dSL- <L_^j ol»/. -LdS"^ oJy 4 U^r* > * A/TT ^1 <xjk jy^ij dC 
L? ^jgA la.-.*!• 4< 4 Y 0 /. JUiil Ij ^ 

L«/ YA • * AflV j SSjS ^a j* laa7 LoJjJl^>- d^ 4 XUj JL )y ^TJj 3 ^ y 

J JL-^ <j 4 ijb Jl ^y*rj j>~ 0^ J—J T /, <1 JU A5^ 4Aj Jju 4»yW d^J_ <L^J Aj j -US* ilj I 

: J ir>' V"^* b J j^ u* Jd< 

, i (oL_»-b jl) oi5"jjj ji u>-jy- ^y “ ^flJI 

^Ija-: to* A/PF 



oNl- - l./ 


OTA 


0?.JS Jl ^ 

: lit MW 

p-_- JS' »•> jl; - £ 

>_jl_j3>-: \o '/. 

^JJ ! <jy*/ 't-“, 4 trsT.y *r-“, ' ^-i-V 

(*_j—- Ljji ^ lj Sjj~* jr ^ 4 l _j-* J ri • *y-~ y d^Lil—1 f jS" w>T l-jJ j Ai’U- 

4_. Jliil »jjl . C —-I ‘/YToifF jly t^b' J ) -^^jT *j* 4 ^j* ^jjj 

L Jjlj jl J -I 0 j— ' ’■ iT ^_>wj 4_jT ^jjL>- l OhJlS*' O 4j jl L* J* C m.> . sj I AO /. J j-*** 

,*^S" s_^T jj i c->I 41—* j a jJm £#.3 ^U^5"* ■ C—<**i */V* /rff^ 

■ ^ * C 4j \ * C jMj <w>T 0 

^Ij-j ^j)l jL .j O-L-• 4 Jw-^L 1/T fc/ / A!^ jjljj c*jIj jULj (jjl*^ 

? C~*l j AjL>- TO Ag ki&lJ ^ ^ ^/ 

:UAVT5 

* ■^■;^ <-**U** 1j 4 «iA^ t il- -»Q 4 j ^^S" <w^T t |*^5" tl^iU h 

v^l ^: VW x ^ <" r AgA 

Y o—»! al&uo <il jjj ijlfT <Cj t -OL • / \ TiS /kWh 3ji i o ^^**1 — 

: */Yn $ ju^ 

ji 4$^ ^ 4 4j I^A ^S" 1 f-i-A 

j-*\J* I 4 J l 4 £_S 1 J Jl . i/0 t(COP) I jLS"' C ^lo 

^^4 C“^** ^ C—4 O*^ J i.vS ' ajLil 4 j 4T -Ul 0 ^ 

d^jL L»i 4 C—r/T jij? cib'- 5 ^ b Jj+*s^ ^ ^ J>y, jyy * ->j^ 

j_> e^j^L-P . ■w—»«*l AO /. a JjJi d - 5 J^! • ^ ^y~J *y m J* O^t N*'l. <^£jy\ (Jlilil 





OTA 


jXa*- i jS j15" J l£>jjj <j**h tSjji U^ u Ji ***& ^<S*bCOP - will 

^: T/rT 

. j>ijiL * /M yS /kWJi j^ ^ j 5* jir JU o.pI—» T * * * iS^j* al5si*#o jS "^ 

*?C-»«<.> d^Kl*0 ^aj!j J 

^1 i $ AAAjL-jj 

^1 4 » „v .ft oLf Jj~-> ji 4 4 <U«j 4j^j>^ L jlS" i ^U -*** vl£j 1T^—£. —^ 

j j—* j^> ^-i. j * 5 <■ ' *->->?■ ^ Jrfjy p ^-r * J * 3 ^f 4 0j ^"' Jj- y W^r 

j -UL^* ^a *b/l» jLLi ji \j mtm n tM J p"^ - r ,A jlij> *j Jj«jL J 1 4 l< ^-!L^-j>“ 

aj\j Oj^ JP-! >■ ti0 * MW j\jJla 4j 4 3 ^jA (Jpt C-Jb ,^-JXP ^ t ^j>U T* f-^" 

4-l>- ja ji ; jL-li ^-i <JL**» • vl—IA * */. ^U jS" Jlijl o^ jL ^1 jl i p 4 ^ * o 

^>- jl^J CJi—*- 1 jl *jT^ 4 Ifl *a jZa j l o Lj ja...*.* Y ^-j j J Jj' 

4 'f J-f.jy Jl?- - • ■>.>—■ 1 ,_y-* *1 yr*^ lS^ O'y jjl ‘ c—■ 10"\ MW 

ij-rj>- J-*' ^—-■> ^ s jjj j J jW ^ ‘ J ^ i ^ 

»j_u5” ki^_l>- jJx_J Jj J^-* < JJ-*" ; *}J} (J—j* • >—■■«il VY MW ^J> jiyt Ji a _Li JlJjj 

s jJLi AY’/. !•!. ' . '^ ' >l 5 v J«- ,Aa>-J»- eAUS , y jL» jJ 4 ^” l O^ J^ l^T 

Jj! iinkJ/kg K tjf'j ^ 4 * • k§/ s <j jU j iL.^1 jji 

* 1 j 

! TA /V C oXj5^ wi5^->- « oi}f 

^lj>-: M 7. <—j aj^jS^ L l ^15" p—^ - *—> 

A^JoJ^a 4 4 -^i * <J^^* 4 ^>T k *^***° ^ 1 # 

j u-* j*^ 1 ^ Jj-'.rr*^' j-r j' 'j-» • - 1 ^ -V ‘ J*jf jrtjJ ^ j 

^ *i t*j S’ A^aJ^»v* ji . J*iL ^a ^pJj o^* 



OVL- - l/ 


or. 


^*— r* J?jj J j 

(jlj-! 4 0-^^" ®-*- i -W/ j'-S" j' j- 1 -^r**-* J ^r* 


lS'v! j"iJ OLc-^^bl. { j-> 






: J JJ tf* “V **".j*? V Jf.Jf 


TA« J*f = ( Jay* (^Uj) _JS^ Jj l_yk <,$lo 


Yo • K = J?jy j 1 <jr 3 j>- 
kJ / kg K = jl ^yjy- *yj <j^jZ 

U• kg!s= jl gjj>- o^jr ^ 

^‘ !■- 3 y -dj+j J*jjS cSJ>' aJ j^. 

y kg! s- <laA»« ja jjaJs. jlS* t jljy- ^yr 

o ’/••• kJ /kg = Lj «uis JlS' ^jjl 

jJ jjl (Jlilil Ojt> 
^ ■ /. = (j_^i ^ Jil* Ij* U^ ^*2 jU) 

■ /■y$/kWh= ^jlfo ? 

JT-Ji" J* ijrjj*- j'y '•'■/• = jy-j?£ j-^jr t$Lr! *;_>•* ij'y 

t X I i l —*Q lj J Ojl y - Lj 3 y Jjl jjjli jl ojliixl !j 


: ^roY ijji jJ y <^yjj*~ o\j> ■* 

xZ jlS* JL. jj CxL- o • ■ • 4 »ISx-j ^J^L. o jZjZ i^j^— 

>_>lj»- :$ \ • ■ • • ■ • 

olS*X»0 eijl>- J 

^Ij*- :Tl/ry. 

. 0 *->-yjM ' / ^ Y $/kWTl ^jj L l)Ij jr*~* ^ aJVL-. j y*~ 

t 0/A 




Jil—• J-Hi* 


on 

Vl—»i>-l j c.—.1 JL-j jj j* t Cwirf j\Jij Ja j ki5^ j jl ^ /A kg j*r ^ f-0 — ^ 

j ‘ >^L_-V^ *>_J (*Y°- J t jiJ l ^k“'' J iJj^ • **i^ '■—*° *i » ~* fa* ** gri J- 5 

<-»■ . l«l.i*l #-Li »0lj (^T’— ^ ) (J_jjl>- ji L JUL ^ L*jLij j\ & y* j3 jliy jl* j' ^ 

9 Oj^T * j*r ^ ^J oT L)l^j j> ji ll 0eolo •iS'ljj* t 4 j JjL l*j£" jl-ti* 
v_jl ja^ ; j jJi 4x^1 ja ^T*—Y *j 


\r~) j 5 a* i)T-&-\ ijLw 


*J uflJ^o! jJ dS ^jLwi 

Jwol Xfcly* 

(kPa) 

jO iJ'Lij*! iy ) !**> ^.. »i 

cr">^ 

(m r / kg) 

•Jij ^jjil ji j~*ai 

O.U> jO i_S"Uj)x1 
(kJ/kg) 

^oA/A 

•/VI 

won 

Y"\A 

•/to 

\ ur/v 

m/o 

•/U 

urAA 

noA/o 

•/H 

mr/A 

wy/y 

•nr 

wt/v 


1f-T J 5 ju* flf-A-l . qA si 


JloT JJtljJ* ^ *> uTLiytT jO 4j* ^jLm! 

jL* J jy> jf 

(*/) 

^OA/A 

rtn/v 

nA 

rrtv/v 

m/o 

YYVT/V 

lOA/O 

Y1U 

wy/y 

YVA 










U/ 


orr 

o-L-i iy*i c. > j ^ %9 ~ ^ j- 5 4 fy^ vro 1f—o—T 

* j-~» ■—- 1 t -ia_-**yj U t*_jlyJal . vl — --■ 1 \ 1/Y &/ / (JL —** < oyy ,jjy jj\ jJ ^JjlJ . 

Y * C ^Lo jj 1/Y kj / kgK ^ w-j l V*V kg ^ yy—1* ** 4 ^ y** u~**y, 

>—J I L$-^ i »A. .*l> AO/, yjlyi C U I l£J y»l o^jb y£"l . iyJ* ota Oyl J>- 

fC-Jjai* 

:YY/£C° 

J--LaJ y ^y—^ t ^—* o^y-lj ^ o • C ‘JL-jIj ^lo j-i ij y* ...ijj jXL- ^j^ ^L-- 1 f-O-f 
jS I . C-—»*l 1A &/ / y * AAO fc/ / Ag /l ! >w^JyJ <1 Oy_J ^byS" J ©y^y y^» 1 

4 yi*H V — >. yi J ^yi A\/0 kj yj 1 yJ t jXJ. J^A ij,\y jLj ^jy C? 

. Jjyyl X-.^O 4j ly tjL-* ^y>- 

wjI> r : ‘/ r ^g 

*o ^ C-Jl—>* jl ; y-j *L C— ^ y —j y jyl»jy ^ U^y>- j jX Xj I yi ) 1*—0 —1 

. XLj ^yXj Ijil \ /Y A//* <7 4j t \ * * kP a j I jLtj t 1 y XjT yi . ,3yy Y XJl»- 

XJj I yi ^ii. *»j a_j yL-c^l <-> .X — \S^J jy ^ ^ A-«» jUl xJl>- Oi' 

■kL —y i ^1—w j -IjL» ^ oJl>- T cJl>- jl ji'b _^j _j _j,^1 j 

O Ij j-^J J jl J-* t -L-ill ' / ^ 1 i 7W / yllyJ C T CJl>" j3 JL-< 8^1 j • ^—■■‘"^ VI 

: x jjT c-^ 

. Jjlj ^ OJl*- ^ vlJl»- jl y#J t Jl— ■ < s jj j yL»-l3 4 _ 5 j yi ji j— iu _ i— a! l 

:+mVo kJ/kg 

. I cjl»- Ji JL- Sjj J ^->V>- _ O 

w>l ijj-:*/A o tn /A^g 

• ijL Jli^^j- l cJl>- Y cJl>- jl aS" ^^j <■ JV- - ^jLf ji l L JL— I 0$»- _j »jlXl _ ^ 

■~>\yr : o kj / kg 





err 

oj-uJL^ { ^]s> j jLr^i t M y^-“‘,‘^ ^ j* j* ^\r* ^ ^ T^—0—0 

. JjLj ^a t jLj*\S' YV/0 kJ ji-LL* A; c Jl—* t^Jyl ^ ^ ^jj l ji . Sj** o^liU jS’} o kJ 
4—Jjl ^■ "* / i ^jg L »a j l ^Lw j Y/i MPd 4-Jjl jLij j\ A ^_^.t,i \j Jl—* 

? C—->* Jl—* j 

^1 :»/* >to w r i*/Ww r 

JL—* 4—S^ ^ j j^ aj t ^ y** az>- L* i—. jj j w^i j 0^7,—,.* j-U-L-- jjp ja i«l£v \Y-0 —^ 

: -uS" J* yj j£i ^ i \j jl yr jj-y y _-o c-lS 'y XjT y 

*-1 o^j j cSjy’' *—* (j^L*J 4 OjL; I jJ j-L-i ^S\ ‘ Y klJL*- 4_< Y C_Jl»- _ Y 

. Jul ^ J~)ji\ <, YoVV kJ / kg 
JL— °j-ij j a^ ^L*<j 4 ji ijjij Ojl j*- J Y* 4j Y -Y 

. jut ^ ^ijii i wvy kJt kg 

t j j^-S” j—■ Y cJLj- 4_j JL_^i <t_S" ii tJlwlj ^j I ji _bl_jl; l oJl»- aj Y* - Y* 
• ^ ( _ r ijljil A Y 0/A kJ / kg aj JL-< »y_j ,_jl>-l.s <Jjyl (.y^j 

Jj->\ Aj j." , ^‘T y C J-U‘ • ^ Aj 1 clJl^ _t 

• 'K kJlkg aj jl^, ojjj 

t j-^T ^-> J-LT Ij Aji-y^. vi5L aS' ^Uj t JL- {jS’jL? i_—>■ 1j Jli-l ~ 

.jjjT c-uj 

t-jl y>-: ooo/^ kJ/kg 

I j A-*-y*- •^-i, Jl*—• A^ y'** j 4 l) ' 1 ;"" * f ^ ^« >' ^p] t lj »-Ui jlS" — O 

J_j1 4_S*" j_*aj —--j j -i—ijjT c ■ <-j ^ j—&-& j^y. I* ^ JUlII ^jj jS’\ j ;«US* ^a 

y . "w 

JL—< ^ 1 C ., ^1 jlji t jj j Cj j J j’— j XL * jj * j * i -^ , i ^ f-O-Y 

. -UT ^ J^IS" ^J, J* yij jO Aj t \j ji m X C^ef S' d^isT OJ^ J* jl^- 

•J-j J ^^ J- 5 * y *—jS ^S*\jl l Y vlJi^ Aj \ ^ 

. ~u*Lw wI-jIj JL^ ®^j j ^ jj\ j -bL ^jLa\S' * /o^V kJ i kg fC aj Jl—* 



C^L--U/ 


<J? ^ JLJ l y * * A. L? L-jLJ ajL^I IV 1 4j X L-Jl»- - X 

. Jut ^jJLi Ijjl IX*/A kJ / Aj jL-*> djj j 

aS* ^ -LJ 1 y i j-i ^ L-Jt^- <j ^ t L-jt ^lo JsL-jI 11 C-J 1 ^- <j X C-Jl>- -X* 

. JjLj L—it li>A>«** JL—' o yj ^j y\ 

jLit! j-£\ , ss£y vlJl*- <» JL—- t t C-jt ^>*>- J ' 5 ^* X L-JL*- ^ t cJl*- -i 

i -'-^" 'J d*£-S" < ~^~L '' 4" jjf<L«j (jyy jO JL- ^^S*_fLS" ^. . •.. > - ^yaJU- jlS” 

. C-J Y^O/O kJ ! kg y} f 

: Jujjl C— i <; lj yj Jj'_^ 

1 C_J L>- 4 r X C-JL>- jl <-£ ^L*j ij i JL—* ^jLS" ^• ,m> ~ j? jl^ - * (Jldi/I C. 37 - j a jlJJl h ^jaJf 

••^cf* _/=* 

v i_^:+mn fc//Jfcg 

.\ C—K»- <i £ cJL- jl t lj JL- ^£^~£ ', - -^- ^ u^ jidiii c. .$>- j djij.ii— 

v l yr :-lX*/A kJ/kg 

*S ^ j— i *c>-L—* ^1 *-> S 4 —» c — *1 jl j— • t ^r—tS" y j ^ j Jj* »»n jXJL^ jy y* 1 f-O-A 

i_r" 1 id*^" ^yr *£^i j a b yj y.d 4-iS“jli>r jj-^, -i^Ty jL 4»- tJL- jl • /*»o kg 

* t 4—»li J-5 

aj—J J J ^ & jl »»> Jl JL—* j ‘ X vlJL^ \ CJL>- -) 

. JL *J> \/X JsL-Jl ^LJ to MPa jlli ^ */A w r //:g 
j t ^ j—**^^ - '*' °JiJ ^ ^ L-nijU jtlj ji -jI I X C-J^- X -X 

. JbL ^Jjil vnw K*±ortiAK° jl JL- 
j-i jT A_Jjl jlj_i* l Jl^* *jiJ ^ ^ ^ lJ\^ 4j X c_Jl^ -X 

. -Lit \/X y)y J^L— i\ ^Lj j -Lt } OXA/V J JL-- ^1>-L ^ j y \ j ^y** X cJl^ 
oJ-jj i^L* jS' j£\. L—iLJ ^Jjl L-Jl^ Aj cl S*4jL1j ^ cJl^ <» 1 c_Jl^ - 1 

j^JC X L-JL>“ 4_j X LjJL^ jl -L!j T y j i -L L ■» » L—<t ) / * • 0 kJ i kg K. J j JLj t jLj j j JL-» 

! -Ll5^ 1 j j ^jl_^« c JUb^ L- .Aj 



Jjl—— J—U 


•: T *»0 J 


:V/>o kW 


,1 ~ : £V/o 7 . 


. lj A ^‘j^7 '■-^ J JL-* 1 JtLil — oJI 


jyy ^tjA ^y- V 


jyj* ljs 


4-5* ^jjAp 4-i 4 — 4>-L- C — — I ^ 4 J J •—-3 J 0 ^1—*J J-i—L— ^4 hi^ T*-~0 —^ 

: xT ^ lj yij JIj^ OjJj XjT j% j\^p- t JL— jl •/> ^o kg 

nr/ \ kJ/kg ^jju j.LT ^ ^L*j <• l-U ja JL- pTi/ : T cJU * X cJU- _x 


j-uJ> ^ t oLL jlii ja JL- -O L./ vor/vo kJ/kg d> f *iUI: r cJU 4, X cJU. V 

. C-l \i\rt kJ/kg ^rjj^j& ^ 

jl_T 4_£" ^jl—j 4 4—jj| jL—J 4__> C— ->5* ^ 4 L—U I jA JL— J»L-J| ; £ Cjb- 4 j T CpJl>“ - ^ 

. C—! XX 0 /X 0 kJ/kg ^>rjj^ 

4—i L .. — . 5 "^—i 4 4 I—iL jLLj jA r* VO Al/ / kg jljjl* 4 j JL— jl L^ £AA ! ^ sLJl^- 4 j 1 — 1 

. <L-—<1 A\/^ kJ / kg jlT 4 S* 4 ^jljT jt ^p \ cJl»- jj iajl 

4 -i ■ “Ij C—jL t ^l—*^ j j 1 T _g j ^ jt* 4 \ / • * 0 Ai/ / A^j AT ^I^ 4 JL— 

• ’ , ‘ 1 — 0 *v 'j xj ^j'-y* 


>t~ : ViVo a: 


^.Ij^ : T> > K 


r cJu- <, X cJU- jl lj JL- ^Lj jl i^i _ 4^Jf 


^ 4j £ 4,£Jl>- jl JL— 4_£tO ji JJLfl J — 4aJ 


y* jJ 4 JL- L5 l>-b 4i jyl J J v Zi .^g - J S jl-Ul — ^ 


:+1/aAJ 4+A/^ AJ 4-^/V AJ 4-r/x AJ 



L/ 


on 


. y? 4 JL— ^A>*ta y\ y—-• ■ aS*" jli5" -l^Ij 

..lT ^jA **^y? *-** ^L* j 4 1j (JL-* ji ^tfJi>- jlS - * 

^Ijar-: MWKkJ 

C_!x_i a_S^ JL—- jl jlS** jLiol ajL^I 4j c lJL— j£“ lJ^-41>1 aS*" JLiS' -l^lJ 

. CL—I yu> ^ i Xf ^ J*lT lj A 
.jS J-Sj aJU Ji lj As^>- Ow ^1 t: jyy Jly - j 

v lj»-: \ro/V iff 

• J^V* J 5 " C 


v l: 'A • 

aS" c zj — '- «c>-L-*i C . w *l jI^j t jr~''~ ' J i — *- fj 0_j——^ ^ f—0“ 1 * 

j- 9 ‘ b j-iJ T i-H ■-—^ 0^i>r 'jj-V - Uj Jy* Jb- • V J^" *i b Jr?* JL- j* • / • Y ig 

:J ^ cj* 

J—>)J\ VO MPa jLli o V * i/’a jl jLli t c-l* ^lo l ^Tl^': T cJ\*- a, \ . \ 

lS^jjj lot/t kJ / kg j *»3 JL** jll^ VI kJ / ig aS” j_j-Uj I ^ Jp j xL ^ 

<L—i ^ klJl—>■ jj Y/i > 1 m I kg jl i <t**a |*_ »«>- j ( ...■« a__< s J_i «itj jLS^) 

• X. ls* 1 T lJ - 'ISO! m r /kg 
JL _m j^L^o aS” c (_j.XjT^ jls t oiA kJ / jjjil: V a> T cJL>- _ Y 

■ ^ ,jij I j*l * / * AY“ 1 m / kg <j jJ JL^» ( ,J ?* > ‘ j ® * * C <! 

i ji ^Jp Jl?- cj jVj c y v OjiJ ! t aj r jju. _ y' 

4_j JL_- «j-j_j (jjb-jl j AiL j>l VYlo kJ / a: o JL_v Sj_j_j j^»T 

.j^l ^ jj\j\T/o\om' r / kg ^■/yro\ m r / kg j 1 kJ / kg 

, \ *■" JV" Jflj ' Aj . Jl mV ^ j\JU jj U j *P J 1 ' lllJl>- Aj 1 ^1_I 1^- . £ 

: c—o aj Ij y_j 



Jit— -<**■»>- 




-V* kJ 


:\\h kJ 


^>\r-:-y/okJ 


./r k! 


:-wr 


•>- * +*\/L kJ 


: -v/r kJ 


Y oJU - a; ^ »^JL»- j\ i JL.v _jI j j ill 


V CjL- <p Y vJljL* 4 jl 4 JL»n J (m 


f C—)L- <ij Y cJl>- Jl 4 jl S' JLLil C— 4>-j ojlujl™ ^ 


L <* Y 1 C-Jl^ jl i JL—j ^JLjT j~y*~ ■* ^ 


L wJb>^- <j I* —1 L>- jl 4 Jliiljl - ^ •*- ojl JLjl tjb 


JeS" lj *»■y»- JLwi 4 jlS” Jliil j\-Xk* mmj 


^ LJl^- <> i LJb- jl 4 JL*- ji j~~*~ ™ J 


4 vIm^I d-L-i ji R — Y/\0V kJ f kg fC Li ^l_ *L»j y*0 <i 4 Jjjj* 4 ^ ^ 1* — 1“ 1 

Li ■-■ '* 4 • /\ Y fn j A• * cf jl M i l 4*Xc * K. (_$Lo L u j-uJL-* i-i^i ^5" 

j 4 LjLj jj -LjT,_/*^ r* • ij* ^y lo"\» kJ / kg (j3f j^>- jlS" j 

^ \*£ 4_-»L^- I j j^j . 4 I . ini JL j JjJj 

jjjjJL* ^jS*_jLS* i- ...j- ^1 U^ JliJl a jLUl j C~$j>-«. 

4_jl j>- : + \o'\- kJ / kg 


<Sjy\ j a 


i—»i j>- \ ■ kj 


A *>-’.'/y\ m 


jjjj-V 1 cjiW' (*^- c 



oVL- — 


<_jlyr ■ * oV APtf 


>_r * / • Y Y A Ag 


■i y -: * / • r> <t//r 


ly.W' j^**- * 


(yrjy- T ■ */ -^y «J'y 1 J ->_>•* fyr -* 


J j jr~- 5 


eCCv-w j/*g*jrt«rw/Agtf u u j,ir jtf jj^ri \r-vr 

■ ■A-iS" i» t oji—jj jJ j-UJl«» jJ t C->L jLi* l lj olj_y Oj-Ij -ijTy 

j\S j£\. c _-l */lo rn ^Lfj |*jv j £o* jT i_Jjl ^Uj <.o > • kPa jj~~n <Jjl jLii 

: XjjT c— j <- 'j y J y» 4 j_^L Y Y kJ J?L—j| <■ -■ ■■* aj ( y*-j_y 

0J__S"I aJ jl j,jv- _ UJt 


ily : >/ V\ w; 


:-ILot kg 


: tn/A a: 


VV/V kJ 


^>\y : */M£. kJ IK 


;-uL- Js^b j-s jJ~~S"l f _y- o 


Ojr- 5 " 1 L jiW j ^ L ‘ J - £ 


L«yS^ Jli^l ojIjJI j C-4^ » ^ 




jl Jl_r _<1. C—^1 jjjj-j> */Y m OjLJ ^ U-*jj i Jt-^" ir —*1—Y* 

C r = */V\A kJ /kg K ^jljb Jl_f . JjL __ ^_. 1 _ r i^L_S' I * < APt/ <_. V« > APa jLJui 

JjJ y ilSL ,jJ» t Jl_f JL-i' ^ y . C—l */Y 0 Ag jT fy j P = -/YAY kJ /kg K j 

■ J “0 I j ^/J 3 jly ‘ 3 _y ^y 3 j_j ; kl-X _g-ij C_i5" y O^y!" Oj-*- 1 



JJL-* — ^Ajy*** 


6T\ 



1 _j> iLJjl jjlo— oUf 

a: 5 


^l^iYVA/V kJ 

’y» »>.J ^r~ -1 

•~>\yr‘- -r^nkJ 

!y» jl U/JLiJl-i 

^\yr: -r«./Y kJ 

V ®>.J ertJp'” a J -* 

4 _jI lj>-: _Vt kJ / kg K 

&j( y = \/pv jP = y/ 

• V \kJ/kgK ) J.\T jlf Oj^ 4, t ,*> ir-vi 

<Jjl t^Lo . JxS" ^ ^ i 

j j. .-.j j.uL.i jj 4 lj oXt |* 5 "1 ji» 4 i^-j j^T XjT 

*/\ ^ A*' fcPfl i^ji^ j ^ • • kPa jT aJjI jLt* j t ° C ^ ^-1* 


: XjjT c—0 4# ij jjj jjij* 1 xilj 


uiW' c 5 ^* J - 4 -*^ 

4-1I yr : 1 YA/V 0 a: 

j*^ Vj 1 °jiJ V 

vjI^: OAA m r / kg 

1^* jiW' ®>.j (^*^- t 

wl j >-: \nr ™ r /Jtg 

jl 5 " JLSil 0jljjl J 4 ^—fSf —'£ 

1 + A * &/ 



j* & '— > jy* *5" kl—I l_y* Jj*'L i 4 Oji-»>i j.X »‘ L«n \ 1*—A—0 

J \ MPa 1 y» *jjl jLli . c—it C p =\'-&J/kgKjR = YAV J /kg K J c— I 



\a/ 


ot « 

►- jLT ^Vj I ^L*Jl Li j J j—-* ^ .L.X* TY • K ^Lo \j \y* . 00 • K ^y ^Lo 


-j 1 —i^r>r jj-H ’^Xu u_L 

XJ 1 lISn—' __ tl 1 j -£l . JJj y iXV * kj / A^ 
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4 o \ m T^J* wT^J^oJlJjl 4 U ** jr*y ^ 

• *JJ is* S& *i ‘ V 1 ^ 

L 1 1 j J-^jj ij-* j>r j_j—*J ‘ (J^ 1 ^ *1.jJ ^ ja t iO /w/M jl iS^ji’ m 

t jbjjT c—a Ai t jlAL )n> • kg!m r o 


>_jl j>-: o/\\o kg/s 

s ■ -»■ (jLi» i_jj_U ja j <y*jj {j? ^"' kg /w li i i-jT o mm i jT jl Ax> — w> 

^ ^yja jl-L- L i a j _■*- jl j^Lsj jl i_>*>L^-l jL«j> (^l_^| • ;—■•-*! »-Ll> oA*LL 4 t/ j—• 


T » 



O.VL-- U/ 


0 * 1 * 


: o/ 1 ' ■ ^ kg / 5 

Op^— j A* mm jJai L 4 j&Liil Ox, jl A • • * kg / m T ^lix*- l 4 »j\y 1F~1 •-) 

L <*Ju, <iSL il—j -H *j>>. os' jj-* jl( j>-) Ja->vi <i c,..f>- ji tl' m / s 

j-j jm-t c jlOl. i ^* ^jlO O-p j— jb-* l j s-j^>0* 4 J^l a, C 4 *1 * C* Aj jlj 

: aS' 4 Oj_)T O—i Aj 4 lj A*»j— 

oil jS'L- a>^a^9 M ■, ^-11 

^\yr :A<rv jV 

. Oil \0 ff) / i j I OPj—■ J 4iS* j>Ca 4 A_]jl Q^>- jl*J» ji 4 A*»jL<»™ U-> 

v l_p- :FUY N 

u—S' j>- ojl _jj o^L, j j Ai c o m/s O-p j— l j.*.^ vi$Lr ^ F— ^ • — X 

4 i£L J-Jjb jl j * >— (j-* J j-S” j-»—j i j'j p-S* jl—^ op j— l v T xS ji. os' ^ 

jt .-S' A_, 4. ' - — » o<—Pj—• jS*1 - i^i £yl»- jjliS" cS^II jl 4 ^0 • mm ^jal A, 4i^llO*l 

joJl j jJ*r aj ,jl^ jL j jy jl j 4 oil > • To kg/ m r Ijj —T J>&*- _> oil V/o m 

? o-l _>oU 4 jjS 

waI: it /0 AfT 

j . La* jl A_S' 4 i_j»p »— o£J, _j ^ m /5 ^Ij j^l-< i-jj-t A—* 4 ^L— 1F— 1 • —F 
^Lij . i_jb jLj*- 40 —I jx> j£-,_ jT J £> j j y. ^ j^ajI ^^41“ mm aj A* • mm 

A_i_jS” a_S” ^ I 1 ja» l. jlO £ * • A/ 5 Q 4 ^ a * - lS j J ji IJ 4 JI 7 *" jli>* 4 

O—i A—j 4 0—1 jj j y.jLi. ^IjA Jl— aS' jjJUj lj ojj-O ^ Jjlj .OiL jj ijal 

kg/m T — T ^l^-» 

—lj*. :M/\ kN 

‘A- ^g/m r Jl^-ljpjj-o> 

: VI7V 

C.J -1 ’ '"I 4 15-“' (jl *j_.b Jills'u^L. ji 4 Ao- kg/m T La^ tr-i-i 
ufjj— ^• -mmj-lai a— o> mm jJa* jl JUlT 4 oLi . jjb jb^ «/>F m T /s 



cP'— 0 J~*i 

jJat —i i^S" jy Li I ys y L , 0—1 i ' kP Q yly Jhi j3 j~i£ jl jLij) . Jy y 

: .ljjT lj—j <» jf-jj *1— j ^ t 'j _Ja* yjlj*' >. <Si'ji L5"l£ia—>1 oj-V 

w»ly : “Wo/o jV 

LJp y k—yj« j 0—1 oLy" 4 J—J ^/L jl y y ^Uj jl ^ 0/M (_£ljb 4 J— vJx- y j j— ^ f— ) * —0 
C . >-'y^i a jLijJ LJpJ— «£" yl>- 4 *"— ^ ' *•-■—I lT m / S 4 jLy O—j'i/L jJ i— T 

y I j J—j jlj jjJ 4 j— L 1* 1 • / /m i__>T ^ISy . <o— 14 V n\ i_j I ^Lii jl 4 j yL y 

■ ( iy ^ j j~& 4i5”l£k—>1 4 —Iyl jl) . -Ly I LJ— J *> 4 yil C-f>- y yy -l»-lj 

yl y '■ a Wo jV/«7 

L_,j v4 rv o^l _-L-.^! JUlT4i5Li jIVT kg!m r ^ JlX-L, ly* ir-W-*V 

jL Oj lj*l 4 JL— (j j k ' 'f A xs <j v4 tv jl LJ*^L—■ Jjb l)Ij_ y YA mis 4 —p y— 

; Jj jjT o—J <1 y_j Jjly ji lj C— J j-jli <j jLy C— jl ly (jly 4 jTLi jLij J JS" 
tJyi y »ji 4i5"l^k—1 jj Jj jLy <S” (_J j4j 4 4 _jl— 4i^i *“ 0^1 

Pa 4 ° 

Li Q .0 >■ |«_A j y Iy y«*i *-9*jus> jJ < jLOl < 4 $" 4 ^JaA* t yl$5”lj jj— 4 !^jy • O 

Jl—lj U^yr LJ— 

^lypr-m/l Pa cTM/n Per 

ly> jLjy C-«y Jj yjl» 4j 4 jb ^ljj— ^k— jl* jjj ) T -) • -Y 

jL—jS”y _jj <*_£” 0 ftittl 0 jl-Ll 4 j O^sj y 4^1 jy>" L£^liJ jl-L*J Jal— j LJ — I £ j ly 

VT kg / /M 4 —LI 1— l y . 0.—11' nun y jLjI Ij j 

J-Iaj ji Li . \ ' Itl IS 4jj>-lySy 4 JPy li ijjJ jl jljy LJ—J^/L ji J 0 J— y>y 

j-k* y'y •LS'y-lS' jJai *S jwl yy j 4 jjj jj ajjjj J^Ll o Lyljy jl 4l^_ y jkjS' 

• 4 J—J <; 4 lj 4 JJJ (_rky Jj ly ^Lii jj J-l*! 4 J—L lyljy 

4—1 y-: rv) Pa 

^La . ^L .1 Ll ^y**l (JLilS" 4i^-i j3 4 |—L* |t_9“ j Ll ^jS y«— 4^1* aio 1Y"— I ♦—A 

ooS' y^r-i 4 LJ—ly JL— . LJ—I ojly «/To m x «/rom jl*,t ^ yuy Ck-ly^i 
jfL- jLJJ* . jl-L <-b jLy *1 m!s cJi 0-py L j -lMj VT kg/m r cJi ^Ijb 



o'iu. - Ujf 


01 T 


j_S"l. J jLU \ To q i ^jli <j jlj ji o^i^ - •" 0 *ifL ji Ij IjLij t ja 

(_Jjj j_> Ij I_j_* sJLi JU^I (,_5j jJ l A jj£j c jJal jA jj-L 4 _ylj Jl jlj j^- 

. -LjjT Li—-A <0 kilTj»«L« (_glji AoLJ 


: T\/V AN 

pT pT ^r)j>~ ja ^o< mm jJbi -u <, i JJ} ja V* • mm jJai jl ( _>^ iJ j) 

'•' —' j aj-lS" 1 ^_a • /T m l s ^l—■ o^a jl ^ * 11 kg / w J1SU- L w-*T . a \i£j jL 

j-O* } (jr^ 1 ‘J-’U V lS 3 JJJ j* jj-**-* ■ ^ ja W« *ij'J 

>/\ m r jJlJ ji >j->- y c-jT Jf pjoo- . C--I jT ijijjj ^la- jS' yj VOW k^lj ^rjy- 

j-jIj j-i <—'T a1. —ji A-j cT tjlJ jz* J o jl-L»1 . Aj-i '■!5"\^1 x/»I ^IaI^jI Jl . o-l 

«-l—i «il a S V* kPCl j-t I j> ^' — jLIj >_jI ( j5^L* jlii t -L jjT I*—o a> i Ij a(J l»^l 


: \M\ kN t U/\° 

jj-Lj { jS" ^ i- > i ^ Jl A^" ^yjLoJ L ^JaLS" jL5" J-* Vj I yjl * / 1 0 kg / S 1 V— 1 • — 1 • 
ji I_J-* C-f-j— *-£" iSjJ^ ^ 4 *^" (_y* C-*ljJi UjS" t iJ-iS^ 0 :^ C-»-L-a C i li klS'l^Ja^ol 

, **' K s)s. ‘fJijjj j* 'j* j l j* (J^* a ■ 1 ^ cr^, J 1 ) iJ>jjj 

t" . I..! . C——I o-Li i j&ji )/•) kj /kg K y\ji C—jU jl-ij ji Ija °}tj j^" j o • kP q j 

.' ■L^ . ; L-j- b jiJ 4 - Li ^ ' J$ J^*** 

4 O-L i> *jjju S a> ^A)I 

i~j\j*-: ^o Vo kfV 

. -Lib •/•) m' jT cj-L-a jf tSjjy. 4 o-Li jL»i;l i^j j-i _ lj 

t_jljs^ : -0 ♦ • • A/^ 

li ., •> ■ ji 4 (J^-* 1 O^ijO^ j—i jt a-Ip ^l^j jlj i j ja ^ 1 ) — 1 

:a i^^ j** -> a jiJ a V*-T* lS'jI Ij OV" ■ l ~- - l '^ ^ jilj! ^ kg/S ^yr ^i U ^jiil <1 j5 



OAT- 


JJL-* J«ai 


kg/m r lj*,j_X 

V"kg!m r 1* JSOl _f 
U** kg/m r ,j€^ L; Oj-Li 
H* > kglrn jg*» l MjjjpjjS jj/'-O 
• C-*“J ^ Ij ijl^» oVi—■ jl j* (_jljj 

[^la«^l (I .ifr 4j JcPo .•>- jU-» ji Lii « 'i Q11 

^Ij*.: ^ • fcPo ilA kPa d X kPa <M kPa i ^ fcPa 

. ^ ^ ejT Qy—* jt v jlJL# j a ^LLa l — o 


t >r \-' kgim r l ^ (jL* c <j^-> ^ jLli jO ( J-Juj — £ 

iO'mmHg tfV mmHg JT\o mmHg i\V* mmHg <VX ‘mmHg 

ji j .*1 »JLX 0 * ^laJ j \ • * WWJ Jjk L jlw^j jl 4 j£* <> jJ* 11*— \ 1 — T 

j y _..., ^ t A« • kglrn j >M kg/m.s ^Li Cjtj 3 l ^ 

jby>- jl jJ j j_Pjj *5* 4 (_J jj?** 1; 4$* X W7W3 4j ^ 4 C—»l ^1 jj—< jlf»- c£ljb 

<j Ij wL^L * /X 0 m ! S O-Py** ^5* 4 1 j jj *iJLX 4^j!j> 

: o-jjT c— j 


^■>1 ^ * xx * o jV 

o kg/s j>/\ kg/m.s (j^bi 4 Ao* kg/m r I je-jj ^f-M-f 

b— -r> o 4 lj 4j^)jljO ^ Ja— jL* ^i^ . ^^ VO /W/W jiai l |^j 4#1 -Jkl^j ji 

• <*m\>** J^J i j jf^jj ^ 

^\yr' JV/wi* tXAl w/^^/XTw/s 

JL-- C—jl <Ni^j _y*i y" ^ ^ 1 —£» 

I *A-^ J j! 

X? T 

^**Re f ljT ^ *'* 



oVL- - L./ 


OM 


K fo 

ff = ./--00 + -/N£>(— + — y rr IjUi* o\> ?- 4 \y 

D Re * 

i . >/' >\T kg / m.s lJ 5L»Ljj o_»- jJ iMVV kg/ m x i)'"C l»a 4 4_<T : Jl_-_ ^jUf 
‘ K = ■/■ fk j to/t mm ^L'-b jki 1 ^jU: t iJ ^3 4 M\o mls 

w-A^. : •/> *Vio 

4 */♦•>• * Y kg!m.s i _ 5 5L.L t a t ^A/V kg / m r iT • °C Ua t : JL^_ o 
^ = o j vo \ mm l _ s i^b _k* t ^U- y Lj —. tU /1 w/n / s 




:*/Voo 


r kgl m.s ^^A\^sC^->--)i.Kt>'kglm x t A> °C ba : : JL^- g 

<. k = -/\omm j >/vy m ljS ^b _k* ‘ ^ <.'/r\m/s 

v i>r- :</‘>Air 

tVA'VxN • 6 kg/m.S ^L^Uo O-s^ tV'AA kg/m T JL^j- iOT°C Ua t ly>: JI---d 
A!' = °mm } loo mm k^b _k* ‘ *3^1 <, \ */A m/s 


i • / • * Vo 'i 

^JL-SC^ L-, jj-lj* u—*JJ J* j—i t j-5 lf-1 1-0 

<-t /j-Pjj C—-1 ^ ^* /Vo Ag" / AW.S ^ C-^-jJj AA * / ffl 

jl aS 4 ‘H v>“jyj J 3 ^ 3 ' ^ iS ^ L$>^ ^ 1 

— Lj Ji . i J J *bL JU&I 4 cJ J* <—• ^sli 0 ^lT uLSKj 

j aS" c <» 4 V 0 ftlftl Jbs j jZ* isl^j ^ 

ijlj jljj Vo nwi Jk& j0 *m t j* ■ 4 x5" 

: Ci^S^. • T\kg!s l u^jj ^ b 4 >^j3 ^ 

4 _*> Jj* j i-L-ilj /.V« ^ iJLdijI 0j jLj ^IjIj Sy 4 «j 4 ^ipL-^ j 4 —j ja B 4 jil( 

. ^laJ lJs^I fSll jl jJa>- t -Lit •/NT %jkWh j>y 

: $ ^/ • 0 




J5L-4 


0^0 

*-! L . uriJ* »—. ■*! jiljjl^ L tjlj-J (_j-^ b> (j-f'jj jby»- 0/ C—“I 9-^-i y «» 

v*i i/* 1 " *-tj* ^j-i b £j-*y 0 -*J 0 ^ V s " ./-'.Lr! J J 1 V—^ cr-'y' 

^Ayr : $ vn 

Li t J_j—i jj-* 0 “?" ^ 3 —?*-* s_L. jlf>v« jJ jj>*-» L^i jJ jljb »_->T |_^l jJ 1 V— 1 1 — T 

j y>*A <S j^ .*.< i , i <jjj_!l Oy-U . L- . a j-i jUU- j j *^*T *j jLi ‘ jj ■>_>*“_) 

0 jljbj ^ J *-.' — l al - 4_Jjl jj->*A j\ jl _ * to * 1ft ~~ jb*A b tj 

l_j j */• - \ kg / m.s jZyLst j c—*-jJ *' • • • kg/m r JbJU \_i >_.!. x5" jl_w jj^L- 

V j-jy-L* . 3 y- O ^ jlkj j J N 1 * 111177 j]a* b <_{! <l^i . Jy- jL*j JLi b Y * / S ^y 

i jyj fljlj Blasius <Li 1 jl jT ^ l ^ l a . -» l ui^ ^S" - c.*■> jlujl-^ ( y* jlU 

jyjy» .ij—S*J p l* -si’ <- —^ai t '/• 'A tUTL^Ifl.rf*! Li 1.11 » J jljjl J-! j «J ^ ^ J 

t* / N %j kWh Jy O jA V J L"»-l V0*/. y\ Jliiiil a jjb ^IjL JJb^y*- Ij *1 & 

>_>l—^ (^l^i Xl j^i j ^Lil jVJ jlJi» <»- . ® Jj j»J Jt-- C—pLp- 0 • • • ^ \ji 

t_J> j-** 9 jl) . Xill j Li JL- JJ (^lyi Jjj \ " y jl* }j?\ilyi. C-A^by, 

.()yS-jk 

v 1yr: $TYO-VA 

jjk jj ifO/V mm -^yLMj Jia * U t lJ i»T ij ii>- i*^j jj jLii slil JJil 1 T— M*-Y 


'•XJy JL-- j J yj 0*i/Laj I jl 

jjlj ij^yr ^ kg ! S 0 y ^ *** J * • * kg /177 ^l^>- L ■—> I _ ^ 

ojl j 1 l)Ly-- •/ ''C kg / S ^yliT* C kPa J ■ L -1 Jj I^A . Y 


^tjp- ; 0 • • * Pa s rvo • Pa 

jb i -^i — 

>_ily- :\ • • Pa tVo Pa 

jb ^LIS" - Vr 1 

^yr'.lO'Pa t rry/o Pa 


^ly^rYo• Pa t\AV/o Pa 

Ai jyL- j! jJ tj-ijjj - 



OVL--U/ 


eVl 


i o • * Po tWo Pq j ( J^I^ jl j 

w->lIjs*. : UO Pa J VT/VO Ptf Ja^ jl ^laS 0*/0 mm jJU 'ifjy- 3 

4_SJa_3^- ,j_l»-l.> j—la* jl VO/V WW? 4_!Ja_>- ( j_1jJ-I a j ._Lu *_> / ■ -.^ j—i c ^yil^_S"U UL I — j 

O'I o mm 

: 1 ■ o Pat YA/Vc Pa 

jSL.1_^_» r jJ jl" 1 kg/m r Jl_^>-1—< : Ji—i t ^_;ji^ If-H-A 

jlc £ mm J»-b Jai L ^1 il jJ d£, . c—l \nx\>~ r kg! m.s 

i ijjy** j^.y> V l#*— ^ j J>- ,y 1 jV uij* ^“.j- 5 ^ *y jj^* 

_>j . w—-I ^6’/. j I i^jyl Jliljl eJjL j VT • ff >w~*j ( JS” OIjj ■ y 

ji. Jj-J«(j-* ‘ yji^j V ij-**' cJl»-jJ _> ^L--l «j'Xl jLk* <j *iji Jot 

J-J J 1 J_i i ( _ J _iil ^Ja— dSv 4 j aS" ijb j\ji (J _^j ■> tW aw 

J C ..— Xl ) 1 * AW 4-l^J { J-^ J j-k* .■* j——' 4 ^J — . />" < t ->j—^ 4. : 1 > ^ T ( ^>-) Ja-^* 4 j o l 

! -Li \ w^o <j JjIa* jl <t3jJ 1 *l5* 

t/ = ./. *ao + */> 6 (A/iD + a-/Re)‘ /rr 
K='/Vmm j D=i\H mm 

j-jljj < — ' i uLjy^' ^ j—i ( jJij 1 j j oVL-^j! CJ1 ^a". ...» J^1 l^iil — ^a)( 

.Jujj T c— j <u 4 -Ltl * /7a kg / 5 

^>1^ : Y/o m ^J\^h o m ^Ta/^ aw 

■ jj"^ ^ j^l-L^J ^1 y J j>+a jU ^jja w>' £l cJ j 1^0 

W»1 yr : W 

^-S"l-b- 4 ^1 k^j 1 *S ^ iS^ji o-Li J1 ^ 1 \ — \ 

<S* bkgls jt\ji m -L-^J J#U»- -u {J*jjj j* Oi'jl J?i) 

j * /) L ^la ., ^ 1 v _—j ,t>l— ^1 ■/»"■* tji-ji r j * / ^ AW ^ia* <u a1 jJ 4j j 

^ ^ jl 4^ ^ ■ JL*j . -LiU ^4 Y AW yjl 4 U Oy%* ji 1 ^ l !■* -■ jl y*& f'^jl 



Jit—• 


OAV 

l_j it 0« m ’ ^7*^* <J ^ ij jfip & ^Jl>* l j o 4jLi_A \£-bjl j ^ Ol—«** j1j 

..Lit* oj>** '_<1 < j' i_~»j l 5JJJ ptiijl jl*A L j i_j^j j yLi oUj& 

jLl* > T ■ i 4_* 4»-^jJ li) JJiC-Jl>- l_j ^>1 ol*_ i rT £/ A ,a> --'~* ,, 

ij ^ I j 4 if^>-4 UjL cJlijl ( aJL^-jIS*' 

.Jb ^ j J \ * * * fcg / /fT 

: VVi kg/s 

±-,—W <■ la 4 *il>- jlS** ji "b Jbf 0^ Ij J* \— 

V ijljjj L>m^T JCj L» 7 J u 1 ^kla^ ‘ * - 1 

! \/^ m (jj>»oi <—> ^ 

^I - 1 \ 0 . ^ 7 —i ^4 4-l»*J Aj ij 7 *** * <j jb Aj aJ 7 ] ol^j j\ \—» I \ 1*— 1 ^ ^ * 

ij\j\* j jJaiVo mm J^ILL jC—-1 ■/• *o ^i£L^Il jo* mm Jjl 

A-J7J a^I>«j j Oj>w* Jj?! . U-XL ^4 */♦ \ 

<1 , l p O A_S^ i( 1 j .j-^ 1 jj z*l . JjjJ I bl.n^O Aj 4 -LiL f kg i S 0^^- £y> ls^J ^J 

jisL 4 tjf* J&* jJ-i* <>lS jj j aJ^] 4 j 'jZ 

^1 yr : Vlt m 

. jloj>fc* \£ j** ^ j*5 aS" 4 1,!.., m\ v T 4 iJt ^ 4 ^ 1 ^ — \ \ 

4 4-J^j Ja^*- J y& j\ 0» * • . -Lit a A,. J« J ^jb 4j Jj] Ja>- vi^ Aj <j J>w* yb 

Li yb 4 A^Ui-« aJ^) j2 aS' 4 jjb 2y~j aJ ^ jl 0 * * YYiYYi yly i_5 j ^ 

aJ^J ^Lj ‘*^l^U .^1 /1 . J-iL Aj J-4ai4 tO * * • m Yo ♦ mm yJai 

j! , -Lji jj I o a_j 4 JjiLj ijj_>^4 A—j oj^ - jl ai^ 4^« ^ifT \>x>- . ^LiL * / * ' y}y. ‘ 

. ^7 ^i^ai 

: */\\ m' /s 

‘^rr~‘J *-; O'-' • J j'yj j^i -5 'J^ w * j' l 5 jT 4 ^ jl jj ^T j 1T -)) - IT 

l ^'o •*^ | '‘" | ‘*‘^ 4 j o * * mm _j Vo * m JJa>- 

j^LiJjl jJ 4—3_jJ Ja_»- jJ i 'It jj_>w jl ^T 1 * • 4_Li?l* ji t C .—^1 ^j'il j j_>fc« ji 



- U/ 


o ji) jLd* 4 ^ <1 dS"*IS nI? .j>\ y j j*** I—I>T j' lSj-* ^ 

^_iaj ^j-*9 f-^ (^jL^yl Jl C—O <i l 4J_)] J Jr- Jl 4iub j-> J 1 

■ ■ s ^ i 

^Ij*.: -trt kPa 

iJjiji jj i> •~ r kg/m.s c-sr_jJ j >• • • kglm T JlJU- L, e-.T 

^jU> t *J_j 3 Ut 4 J.'.:.~* ^ jL~* J l ^i A» lS' j* - fjl* jty>- <£j\y 

aJL -*j o ^ <j J> ^ .-J***l> ( IC —* 1 0 f¥lft} ^jjj ©j\-Ul) j 

! C-—*1 »JLi ota ( ^Jaj I j) Jl sjUl^l li . yj <l_j) ji ^ j t BloSIUS 

S ., ( D \ 

-= = 41og\-- + rm 

V7 UxJrJ 

j ** ^jj j-* t xi»L VYA Ag I s y\y \jk *J j) 4 JS* 0L>^»- 


^Jsyr’.'MmIs viWmls 

4 j I 4 , 5 *\ aJu^U jj> \j <i\>-j\S^ d£j •> jy* C)ljJ ^^vJj j-Ua oiS^ j d£ 1 f -\ \ “ \ i 

df l£la^l j*& j \ TO JYiTYl Jo* Aj d£ jt* 4 ^ja#l a] Jl J J* 0^ • -US"* dJ y 

j dJl <4J C—iLJ j 0 KiPci j~~»\j. vl Jj •/* \ 

* i C,~0 i 4 J-i*L V * ' / W 

olS^j /jA ji ,^-lJ^j \ * /. dTl^ia^l j 2 t ^Ujjl C-jl 4 ^jlliJl 0^4)^ 

v l yr : t/o A// 3 ^ 

A_I 4 C.» --^J yA 4 jULl jl-li* (jb-A J ^4 lj i^jLdl — CJ 

.ddL ^ OjU ^ I jli^r ^y J^j C—-I ^1 La <!_^] Ji l j ^j J\>- ^1 t«b jj I C— 

*J**:onr MPa 




I& JjAji - | 


OVU-J — Id ^ — 

. 0-1 _*- J»~ jLii j jT jj■ ^»U jLILj ^ J*}Ji i^^* 4 j^-** 

J^ = /V +'PaUn 

. C.■*! ji j jfU <jjl>ji-ij j*}j*. ** j^-*-** 

P« = p + '/tpC 

1 l> »!—. iijI jjijJ C Jl*** jl ^ C.»i»h«i< jlij y ~»»J T“A 
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